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Extending  the  Frontiers  of  Science 


• 


bove:  This  image  shows  photomicrographs  of  two  Drosophila  testes.  To  identify  molecules  that  regulate  stem 
cells,  the  Matunis  lab  at  the  Department  of  Embryology  genetically  alters  the  expression  of  candidate 
signaling  molecules  in  the  testis  and  examines  any  corresponding  change  in  the  number  of  stem  cells. 
The  left  testis  is  a  wild-type  control  with  just  a  few  stem  cells  at  the  apical  end.  In  the  right  testis,  JAK- 
STAT  signaling  has  been  overinduced,  resulting  in  the  production  of  thousands  of  cells  with  stem-cell 
characteristics;  these  appear  as  light  purple.  This  result  suggests  that  JAK-STAT  signaling  instructs 
stem-cell  fate,  rather  than  maintaining  cell  viability.  (Image  courtesy  Erika  Matunis,  Carnegie's 
Department  of  Embryology.) 


Below:  This  is  an  image  of  the  galactic  center  as  seen  from  the  Southern  Hemisphere.  It  was  taken  in  the 
near  infrared  by  the  Two  Micron  All  Sky  Survey.  The  survey  is  a  joint  project  of  the  University  of 
Massachusetts  and  the  Infrared  Processing  and  Analysis  Center/California  Institute  of  Technology. 
It  is  funded  by  NASA  and  the  National  Science  Foundation.  (Image  courtesy  E.  Kopan,  IPAC.) 
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"The  position  of  the  Institution  in  world  science  has  altered  in  the  seventy-six  years 

that  have  elapsed  since  it  was  founded;  yet  the  underlying  philosophy  remains  unchanged: 

•  to  seek  out  the  innovator,  to  act  as  a  catalyst,  and  to  provide  initial  support 

to  highly  promising  but  'high  risk'  ideas." 


James  D.  Erert,  Carnegie  Year  Book  77/78 


Qontemplating  Carnegie's  centennial  in  2002  is 
both  inspiring  and  intimidating.  It  is  inspiring 
because  of  the  extraordinary  scientific  achieve- 
ments of  the  past  century  and  the  present  vitality 
of  the  five  departments.  It  is  intimidating  because 
our  present  actions  will  influence  our  successors' 
ability  to  be  similarly  inspired  one  hundred  years 
from  now.  During  the  past  year,  we  began  to  plan 
a  variety  of  events  to  mark  the  centennial  year. 
Five  authors  are  writing  histories  of  the  current 
departments.  At  the  administration  building  in 
Washington,  an  informative  and  celebratory 
exhibition  will  display  the  institution's  achieve- 
ments, philosophy,  history,  and  aspirations;  an 
illustrated  volume  reflecting  the  exhibition  will 
also  appear.  We  will,  as  befits  a  historically 
important  institution,  organize  the  proper 
cataloguing  and  storage  of  our  archives.  But 
most  significant  and  faithful  to  the  institution's 
traditions  is  the  dream  to  mark  the  centennial  by 
initiating  one  or  more  new  scientific  directions. 

These  plans  will  engage  us  for  the  next  two  years. 
Already  they  have  stimulated  a  fresh  examination 
of  present  activities.  At  the  core  of  these  programs 
is  Andrew  Carnegie's  injunction  "to  discover  the 
exceptional  man  in  every  department  of  study... and 
enable  him  to  make  the  work  for  which  he  seems 
specially  designed  his  life  work."  This  statement  is 


almost  a  mantra  for  the  institution.  It  is  repeated 
regularly  in  some  form  or  other  in  these  yearly 
essays,  as  it  was  by  President  Ebert  in  the  quota- 
tion at  the  beginning  of  this  one.  We  do  in  truth 
place  our  confidence  in  the  vision  and  talent  of 
individuals.  While  they  may  choose  to  participate 
in  transient  teams,  the  institution  itself  does  not 
dictate  team  efforts.  Indeed,  the  institution 
dictates  very  little  concerning  the  research  pro- 
grams. It  assumes  that  an  essential  component  of 
scientific  talent — perhaps  the  single  most  impor- 
tant component — is  the  vision  to  choose,  from 
within  the  ever-evolving  scientific  questions, 
significant  and  feasible  research  plans.  Reliance  on 
such  talent  is  why  the  interests  of  the  five  current 
departments,  each  of  whose  history  spans  most  of 
the  20th  century,  have  been  constantly  renewed. 
Identification  and  recruitment  of  such  talent  is  the 
responsibility  of  those  exceptional  people  who  are 
the  department  directors.  Unlike  many  research 
institutions,  where  department  chairs  are  held  on 
rotating  appointments  of  three  or  five  years, 
Carnegie  directors  are  specifically  appointed  to 
their  positions  and  typically  remain  in  their  posts 
for  as  long  as  20  years.  Frequently,  they  are  the 
catalysts  for  change  within  the  departments 
through  inspiration  and  recruitment  of  Staff 
Members.  The  Carnegie  mantra  extends  to 
leadership  as  well  as  to  research. 


Left:  Over  the  last  century,  Carnegie  has  pioneered  research  in  a  broad  range  of  disciplines.  The  five  current  departments,  Plant 
Biology,  the  Observatories,  Terrestrial  Magnetism  (DTM),  the  Geophysical  Laboratory  (GL),  and  the  Department  of  Embryology, 
owe  their  current  vitality  to  the  achievements  of  the  past. 

Plant  Biology  started  out  as  the  Desert  Laboratory  in  1903  in  Tucson,  Arizona  (shown  here,  top,  in  191  I).  In  1904,  the  Mount 
Wilson  Observatory  was  established,  marking  the  beginnings  of  the  Observatories  (first  image,  second  row).  Also  that  year,  Louis  A. 
Bauer  became  the  first  director  of  DTM.  He  is  photographed  here  in  1911  doing  fieldwork  in  Colombo,  Ceylon  (second  image,  second 
row).  In  1907  the  Geophysical  Lab  opened  its  doors.  Its  first  director,  Arthur  L.  Day,  and  a  colleague  are  shown  here  (third  row)  with 
a  carbon  arc  and  resistance  furnace.  Lastly,  this  1921  photograph  shows  the  laboratory  where  embryos  were  modeled  at  the 
Department  of  Embryology  (bottom).  The  board  authorized  that  department  in  1913.  (Desert  Laboratory  photo  courtesy  of  the 
Arizona  Historical  Society.) 
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The  current  departmental  directors  and  Carnegie  president 
Maxine  Singer  are  shown  here  at  Las  Campanas  in  November 
1999.  From  left:  Chris  Somerville  (Plant  Biology),  Sean 
Solomon  (Terrestrial  Magnetism),  Maxine  Singer  (president), 
Miguel  Roth  (Las  Campanas  Observatory),  Wes  Huntress 
(Geophysical  Laboratory),  Allan  Spradling  (Embryology),  and 
Gus  Oemler  (Observatories). 


For  many  years,  the  institution  has  relied  on 
individuals  to  maintain  its  unique  role  within  the 
scientific  enterprise.  In  the  last  year  book,  I  dis- 
cussed this  philosophy  in  the  context  of  the  grow- 
ing participation  of  Carnegie  scientists  in  large 
projects  that  often  require  cooperative  groups  of 
colleagues  here  and  at  other  institutions.  I  con- 
cluded that  if  the  research  is  original  and  excellent, 
and  provides  an  opportunity  for  the  Carnegie 
scientist  to  develop  her  or  his  own  ideas,  it  is  con- 
sistent with  our  traditions  and  goals.  I  also  pointed 
out  that  much  new  science  demands  innovative 
and  complex  technology  beyond  the  means  of 
individual  organizations.  Consortia  of  institutions 
or  the  federal  government  must  provide  the  neces- 
sary resources  if  such  work  is  to  be  done.  Carnegie 
scientists  must  have  access  to  such  technology,  but 
at  the  same  time,  we  must  be  attentive  to  preserv- 
ing our  scientists'  independence  if  original  and 
excellent  research  contributions  are  to  be  sustained. 


Long-Term  Support  for 
Carnegie  Science 


A  unique  attitude  and  organizational  structure 
cannot,  however,  assure  the  independence  of  Staff 
Members  without  some  measure  of  stable,  long- 


term  funding.  In  earlier  times,  the  institution 
eschewed  federal  grant  programs  and  operated 
almost  entirely  on  its  endowment.  In  recent 
decades,  two  concepts  have  guided  the  institution's 
ability  to  attain  this  goal:  hold  the  number  of 
Staff  Members  constant,  and  limit  dependence 
on  federal  funds.  These  two  notions  are  of  course 
related.  By  limiting  our  size,  our  endowment  can 
provide  a  greater  proportion  of  the  needs  and 
thus  limit  the  requirement  for  federal  funds. 
In  contrast,  other  research  institutions  have 
increased  their  size  and  breadth  largely  through 
federal  grants. 

Vannevar  Bush,  the  fourth  president  of  the 
institution,  was  also  the  architect  of  the  scheme 
for  federal  funding  of  basic  research  that  was 
introduced  soon  after  World  War  II  and  flourishes 
still  today.1  The  plan  grew  out  of  Bush's  experi- 
ences as  the  organizer  of  research  to  support  the 
war  effort.  Speed  was  essential  if  science  and 
technology  were  to  produce  useful  devices  in  time , 
to  contribute  to  victory.  Bush  recognized  that  the 
most  talented  scientists,  physicians,  and  engineers 
were  in  universities  and  corporations,  not  in 
the  military  or  other  federal  agencies.  With  few 


Bush,  V.,  Science — The  Endless  Frontier,  Introduction,  1945.  Reprinted  by  the 
National  Science  Foundation,  Washington,  D.C.,  1 990. 
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exceptions,  such  as  the  Manhattan  Project,  scien- 
tists carrying  out  essential  projects  worked  in  their 
home  institutions  with  funding  from  the  Office  of 
Scientific  Research  and  Development,  which  Bush 
headed.  This  mechanism  was  efficient  with  respect 
to  the  scientists'  time  and  access  to  facilities  and 
equipment.  When,  after  the  war,  Bush  wrote  a 
plan  for  the  founding  of  a  National  Science 
Foundation,  it  incorporated  this  successful  design. 
The  government  would,  through  fellowships 
and  grants,  serve  the  national  interest  by  training 
new  scientists  and  engineers  and  generating  new 
knowledge  at  the  "publicly  and  privately  supported 
colleges,  universities,  and  research  institutes 
[that]  are  the  centers  of  basic  research  [and]  the 
wellsprings  of  knowledge  and  understanding." 
Bush's  principles  were  adopted  by  most  of  the 
federal  science  programs. 
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The  First  Era  of  Federal  Funding 


Only  a  few  institutions  hesitated,  and  relatively 
briefly,  to  enhance  their  research  programs  with 
federal  support.  Ironically,  the  Carnegie 
Institution  resisted  for  decades,  although  Bush 
knew  soon  after  becoming  president  in  1939  that 
there  were  serious  deficiencies  in  institutional 
income.  His  solution  to  the  problem,  explicated  in 
his  first  annual  report,  was  "terminations  and 
taperings"  of  departments.  An  additional  termina- 
tion of  the  Department  of  Genetics  at  Cold  Spring 
Harbor  was  made  in  the  1960s  by  President  Caryl 
Haskins.  However,  the  funding  problem  contin- 
ued. By  the  mid-1970s,  the  endowment's  value 
had  substantially  decreased,  largely  as  a  conse- 
quence of  the  general  deterioration  of  the  stock 
market  and  changes  in  portfolio  management 
strategy  (Fig.  1).  Additionally,  a  high  inflation 
rate,  the  need  to  sustain  commitments  to  the  staff, 
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Fig.  I .  This  graph  shows  the  endowment  growth  versus  inflation. 
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and  capital  expenditures  for  the  development  of 
Las  Campanas  contributed  to  a  disturbing  gap 
between  a  sustainable  level  of  endowment  spend- 
ing and  expenditures. 

During  the  five  years  prior  to  1977,  the  institution 
had,  on  average,  obtained  annually  only  $0.4  mil- 
lion from  the  government  (Fig.  2).  Reporting  to 
the  trustees  at  their  annual  meeting  in  January 
1977,  President  Philip  Abelson  proposed  "to  move 
cautiously  using  more  federal  funds  to  replace 
Carnegie  funds."2  He  saw  "hazards"  in  doing  so, 
including  the  potential  erosion  of  the  unique  char- 
acter and  flexibility  of  the  institution;  the  tempta- 
tion to  undertake  fashionable  work  that  would  be 
readily  funded  rather  than  innovative,  long-term 
efforts;  the  burden  of  time  and  effort  needed  to 
prepare  detailed  applications;  and  a  weakened 
attachment  of  the  scientists  to  the  institution.  He 


suggested  several  policies  designed  to  avoid  these 
hazards:  "First,  no  part  of  professional  staff  salaries 
should  come  from  grants.  Second,  Staff  Members 
should  not  be  required  to  prepare  grant  applica- 
tions and  should  be  able  to  carry  on  meritorious 
long-range  programs  regardless  of  whether  federal 
funds  were  available."  The  inflow  of  federal  funds 
began  almost  immediately  (Fig.  2.). 


Bolstering  the  Endowment 


Abelson  was  near  the  end  of  his  presidency  when 
he  introduced  these  changes.  Only  a  few  years 
later,  the  new  president,  James  Ebert,  wrote  in  the 
year  book:  "Our  current  income  falls  substantially 
short  of  what  is  needed  to  support  these  [five] 
departments  even  in  the  modest,  frequently  austere 
style  to  which  they  have  become  accustomed. 
But... an  overemphasis  on  austerity  can  fetter 
research,  especially  in  those  fields  in  which  a 
rapidly  evolving  technology  places  a  high  premium 
on  equipment."3  Ebert  rejected  solutions  depen- 
dent on  further  "terminations  and  taperings"  as 
inconsistent  with  a  significant  level  of  scientific 
contributions  and  because  of  how  "insidious 
would  be  the  effect  of  continuing  attrition  on 
the  Institution's  remaining  staff  members."  He 
proposed  a  long-term  program  to  double  the 
endowment  and,  although  he  worried  about  the 
same  hazards  that  Abelson  had  described,  an  effort 
to  obtain  between  40  and  50  percent  of  annual 
expenditures  from  public  and  private  sources. 
He  also  concluded  that  the  "rich  and  treasured" 
institutional  tradition  of  providing  all  salaries 
from  Carnegie  funds  "must  now  be  breached." 

Ebert's  goal  of  doubling  the  value  of  the  endow- 
ment was  achieved  during  his  presidency.  Since 
then,  it  has  doubled  again.  In  1998,  its  purchasing 
power  was  slightly  higher  than  in  1954  (uncorrected 
for  new  gifts  to  the  endowment)  (Fig.  1). 


'  Abelson,  P.,  Financial  Status  of  the  Carnegie  Institution,  Report  to  the  7 9lh  Annual 
Meeting  of  the  Trustees,  Washington,  D.C.,  January  28,  1977. 

1  Ebert,  J.  D.,  Report  of  the  President,  Carnegie  Year  Book  77/78,  Carnegie 
Institution  of  Washington,  Washington,  D.C.,  1979. 
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Fig.  2.  Total  expenses  are  indicated  here.  The  numbers  are  actual  dollars  and  are  not  normalized  for  inflation. 
Expenditures  represent  the  sum  of  operating  and  equipment  expenses;  capital  outlays  are  not  included.  For  some 
years,  the  total  funds  expended  is  larger  than  the  sum  of  Carnegie  and  federal  funds  because  of  private  grants.  Prior 
to  1999,  some  funds  included  in  the  private  fund  category  were  actually  federal  funds  provided  through  subcontracts 
with  partners  at  other  research  institutions. 


Grants:  The  Norm  of  the  Day 


Today,  although  there  is  no  formal  requirement, 
all  Staff  Members  apply  for  grants,  and  a  portion 
of  some  Staff  Members'  salaries  come  from  grants. 
Salaries  are  determined  by  the  directors  and  com- 
mitted by  the  institution,  taking  into  account  only 
seniority  and  scientific  merit,  not  grant  income. 
Opportunities  for  grants  differ  widely  from  one 
field  to  another,  as  does  the  monetary  value  of 
grants.  It  is  therefore  inappropriate  to  distinguish 
between  equally  productive  Staff  Members  on 
the  basis  of  grants  obtained.  Some  projects  can  be 
initiated  or  carried  out  without  external  funds, 
but  not  if  expensive  special  equipment,  materials, 
or  travel  is  required.  Department  directors  can 
dedicate  limited  parts  of  their  budgeted  money  for 
such  projects,  or  they  may  recommend  that  the 
president  provide  special  funds. 


The  Importance  of  Private  Gifts 


In  1977,  Abelson  also  pointed  out  that  "over  most 
of  its  existence  the  Institution  [had]  made  only  a 
nominal  effort  to  seek  additional  private  funds," 
and  mainly  "from  individuals  connected  with  the 
Institution."  That  situation  has  also  changed. 
Soon  after  1977,  additions  to  the  endowment  were 
received  for  the  first  time  (Fig.  1).  In  the  last 
decade,  private  individuals  and  foundations  have 
been  generous  in  their  donations  for  special  fund- 
raising  campaigns  and  for  ongoing  departmental 
needs.  Most  of  these  funds  were  designated  for 
specific  purposes.  The  rate  of  addition  to  the 
endowment  has  also  increased,  largely  because 
of  trustees'  gifts  (compare  the  two  curves  in 
Fig.  1). 
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When  opportunities  arise  for  proposals  to  private 
sources,  there  is  often  a  difficult  choice  between 
soliciting  funds  for  present  use  or  for  the  endow- 
ment. For  example,  spending  a  million  dollars 
can  seem  more  attractive  than  putting  that  sum 
into  the  endowment  and  realizing  annually  only 
5  percent  of  its  value  for  expenses.  (Like  most 
other  research  institutions,  Carnegie  generally 
aims  to  spend  about  5  percent  of  its  endowment's 
total  value  each  year,  a  policy  designed  to  maintain 
the  purchasing  power  over  many  decades.) 
The  trouble  with  that  perspective  was  cogently 
illustrated  by  trustee  David  Swensen  in  a  book 
published  this  year.4  He  pointed  out  that  in  1910, 
the  institution's  endowment  was  about  the  same 
as  that  of  Harvard  University.  Yet  Harvard's 
endowment  is  now  around  $19  billion  and 
Carnegie's  is  just  approaching  $500  million.  The 
difference,  according  to  Swensen,  is  explained  by 
how  much  more  Harvard  has  received  in  gifts  to 
its  endowment  since  then  compared  with 
Carnegie.  We  should  strive  to  enhance  Carnegie's 
endowment  as  much  as  possible.  Nevertheless, 
if  Carnegie  were  to  direct  all  gifts  toward  the 
endowment,  it  would  pay  a  large  price  in  lost 
opportunity  for  new  research.  Itwill  always  be 
necessary  to  strike  a  balance  between  the  needs 
of  today  and  the  needs  of  tomorrow. 

Several  industrial  corporations  have  made  generous 
donations  to  Carnegie  in  the  last  decade,  both  for 
the  endowment  and  for  special  projects.  Although 
many  research  universities  accept  major  corporate 
funds  in  support  of  work  defined  to  varying 
extents  by  the  donor,  Carnegie  could  probably 
not  accept  the  associated  restrictions  and  still 
maintain  its  unique  goals  and  traditions.  Carnegie 
scientists  have  accepted  very  few  minor  grants 
designated  for  purposes  of  interest  to  a  corporate 
donor,  and  only  when  the  work  coincided  with  the 
scientist's  own  intentions. 


4  Swensen,  D.  F.,  Pioneering  Portfolio  Management.  An  Unconventional  Approach  to 
Institutional  Investment,  The  Free  Press,  New  York,  2000. 


Polling  the  Staff  about  Federal  Grants 


In  the  recent  past,  approximately  one-third  of  the 
annual  operating  budget  (including  equipment) 
has  come  from  federal  grants;  the  actual  percent- 
age varies  from  department  to  department  and 
from  year  to  year  (Fig.  2).  The  only  way  to  assess 
whether  this  has  significantly  affected  our  goals 
and  traditions  is  to  ask  the  Staff  Members. 

About  a  third  of  the  Staff  Members  responded  to 
my  request  for  information.  Some  answered  my 
questions,  and  some  answered  questions  I  did 
not  ask.  I  inquired,  "What  percent  of  submitted 
proposals  are  successful?"  Remarkably,  more  than 
half  of  the  respondents  had  success  rates  of  90  to 
100  percent,  although  they  did  not  always  receive 
as  much  money  as  they  had  requested.  Only  a  few 
had  success  rates  between  50  and  70  percent,  and 
those  were  in  fields  in  which  federal  grant  pro- 
grams are  poorly  funded.  Estimates  of  how  much 
time  was  spent  in  preparing  proposals  and  filing 
the  necessary  reports  ran  from  5  to  30  percent  of 
the  scientists'  time.  Some  of  the  variation  stems 
from  policies  at  different  agencies;  if  the  grants 
tend  to  be  small,  then  several  proposals  are 
required  to  provide  sufficient  funds.  The  30  per- 
cent figure  would  have  been  some  cause  for  alarm, 
except  that  it  came  from  one  individual  and 
included  "planning,  preparation,  proposal  writing, 
periodic  and  final  reports,  management,  and 
accounting"  for  one  of  the  institution's  largest 
efforts.  Staff  Members  also  spend  significant 
time  reviewing  proposals  that  others  in  their  field 
have  sent  to  the  agencies,  in  part  because  "if  I  am 
funded  by  the  system  I  need  to  contribute  to  the 
system."  The  responding  Staff  Members  were 
essentially  unanimous  in  saying  that  they  do  not 
propose  projects  just  because  they  are  fashionable 
with  granting  agencies.  However,  several  stated 
that  they  choose  not  to  undertake  the  considerable 
effort  involved  in  preparing  a  proposal  if  they  think 
the  likelihood  of  funding  is  small;  for  such  projects 
institutional  funds  are  critical. 


■ 
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I  also  asked,  "To  what  extent  do  you  feel  overbur- 
dened by  the  pursuit  of  grants?"  Only  a  few  felt 
generally  overburdened,  although  several  admitted 
that  concentrated  periods  of  working  on  proposals 
can  lead  to  such  feelings  and  to  the  sense  that  it 
would  be  better  to  spend  that  time  doing  research. 
One  scientist,  who  has  been  very  successful  in 
obtaining  grants,  admitted  that  he  considered  the 
pursuit  of  grants  "the  major  headache  of  being  in 
science.  During  the  last  six  months  of  each  grant 
cycle  I  always  feel  an  overwhelming  sense  of 
impending  doom  because  of  the  possibility  that  I 
may  have  to  fire  a  bunch  of  people  on  short  notice 
if  my  grant  is  cut." 

Younger  Staff  Members  generally  apply  for  federal 
grants  without  hesitation.  They  were  trained  in 
universities  where  federal  funding  is  the  norm. 
They  see  benefits  in  the  discipline  imposed  by 
the  grant-writing  process  and  in  the  critical  peer 
reviews  that  proposals  receive.  And,  should 
they  ever  consider  moving  to  a  position  outside 
Carnegie,  they  rightfully  believe  that  most  research 
institutions  will  evaluate  their  record  of  successful 
grant  acquisition  before  making  an  offer.  One 
Staff  Member  indeed  worried  about  the  excessive 
use  of  this  criterion  in  evaluating  the  quality  of  an 


Geophysical  Laboratory  Staff  Member  George  Cody  (right) 
led  the  effort  to  obtain  grants  to  purchase  the  nuclear  mag- 
netic resonance,  or  NMR,  spectrometer  (shown  at  far  left). 
Substantial  support  came  from  grants  from  the  National 
Science  Foundation  and  the  W.  M.  Keck  Foundation. 
Biogeochemists,  cosmochemists,  crystal lographers,  and 
organic  geochemists  are  among  the  researchers  who  use 
the  NMR  spectrometer.  Cody  is  shown  with  former 
Carnegie  Fellow  Jay  Brandes  (left). 


individual's  research.  That  may  well  be  the  case 
in  some  institutions,  but  in  the  directors'  reviews 
of  each  Staff  Member  at  five-year  intervals  that 
question  is  never  raised. 


The  Balance  among  Funding  Sources 


One  of  the  directors  probably  spoke  for  many  as 
well  as  for  me  when,  agreeing  with  Abelson's 
and  Ebert's  conclusions  he  wrote,  "There  is  no 
alternative  to  spending  larger  amounts  of  money 
than  are  available  from  our  endowment  per  year 
if  we  want  to  remain  a  first-class  institution." 
Additional  endowment  of  about  $250  million 
would  be  needed  to  replace  the  approximately 
$12.5  million  of  federal  funds  Carnegie  used  in 
this  fiscal  year  (1999-2000),  and  achieving  that  is 
highly  improbable.  There  will  always  be  a  need  to 
maintain  a  balance  between  federal  grants,  private 
fund-raising,  and  Carnegie  funds.  Enormous 
advantages  accrue  from  the  institution's  ability  to 
support  new,  high-risk  initiatives  and  to  assure 
its  Staff  Members'  compensation.  It  is  evident 
from  the  reports  of  visiting  committees,  from  con- 
versations with  Staff  Members  and  postdoctoral 
fellows,  and  from  the  collegial  spirit  in  the  depart- 
ments that  the  hazards  of  increased  dependence 
on  federal  grants  have  been  largely  avoided.  If,  as 
part  of  the  centennial  celebration,  a  new  scientific 
effort  is  initiated,  it  should  be  launched  in  the 
image  of  the  current  departments  with  a  new 
endowment  sufficient  to  provide  for  from  half  to 
two-thirds  of  its  anticipated  operating  budget. 
Even  now  in  the  21st  century,  the  Carnegie  mantra 
should  remain  our  guide. 

— Maxine  F.  Singer 
November  2000 
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LOSSES 


Neva  Abelson,  wife  of  former  Carnegie  president  and  current  trustee  Philip 
Abelson,  died  on  September  26,  2000,  at  the  age  of  89.  She  graduated  with  a  bach- 
elor's degree  in  chemistry  from  what  is  now  Washington  State  University.  In  1942, 
she  received  an  M.D.  from  the  Johns  Hopkins  University  medical  school.  Long 
affiliated  with  the  University  of  Pennsylvania  medical  school,  her  research  included 
work  on  blood  antibodies. 


Edna  Haskins,  wife  of  former  Carnegie  president  and  trustee  emeritus  Caryl  P. 
Haskins,  died  on  January  30,  2000,  at  the  age  of  88.  She  received  her  undergraduate 
and  Ph.D.  degrees  in  physical  chemistry  from  Kings  College,  Durham  University 
(U.K.),  and  her  M.S.  from  Radcliffe  College  (U.S.).  She  was  a  member  of  the 
AAAS,  the  American  Chemical  Society,  and  the  American  Association  of 
University  Women. 


Neva  Abelson 


ill,  biological  photographer  at  the  Department  of  Embryology  from 
1949  to  1986,  died  last  winter  (1999).  At  Carnegie,  he  produced  high-quality  pho- 
tographs of  embryos,  and  was  an  important  contributor  to  the  study  of  anatomical 
embryology. 


Edna  Haskins 


)anny  Lee  was  killed  in  an  automobile  accident  on  January  17,  1999.  He  was  a  former  Johns  Hopkins 
undergraduate  and  recipient  of  the  Provost's  award  for  his  senior  thesis  research  while  working  in  the 
laboratory  of  Embryology  Staff  Member  Marnie  Halpern.  Lee  was  in  his  first  year  of  a  M.D./Ph.D. 
program  at  Washington  University.  A  fund  to  support  undergraduate  research  in  the  biomedical  sciences 
has  been  established  at  Johns 'Hopkins  in  his  honor. 


rillick,  an  assistant  professor  at  Stanford  University  and  a  former  postdoc  at  the  Observatories 
(1991-1995),  was  killed  by  a  car  in  June  in  Englewood,  New  Jersey. 

RETIRING 


ston,  director  of  the  Carnegie  Observatories  from  1981  to  1986,  retired 
in  August  1999.  Preston  came  to  the  Observatories  for  a  one-year  appointment  in 
1959  as  a  postdoctoral  fellow.  He  returned  in  1968  as  a  Staff  Member,  a  position  he 
continued  to  hold  after  his  directorship  ended  in  1986.  Preston  plans  to  continue 
his  work  at  Pasadena  on  metal-poor  stars  and  stellar  evolution. 


inn,  a  Staff  Member  at  the  Observatories  and  a  former  director,  retired 
in  December.  Weymann  came  to  the  Observatories  in  1986  from  the  University  of 
Arizona,  where  he  was  a  professor.  Between  1970  and  1975  he  was  also  the  director 
of  the  Steward  Observatory  there.  Weymann  will  continue  his  research  on  quasars, 
faint  galaxies,  and  the  evolution  of  the  universe,  among  other  subjects. 
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David  Virgo  retired  from  the  Geophysical  Laboratory  on  June  30.  He  came  to  GL  in  1971,  at  a  time  that 
coincided  with  the  return  of  the  Apollo  lunar  samples.  Virgo  focused  his  attention  on  the  crystal  chemistry 
of  the  lunar  samples  as  a  means  to  unravel  the  early  igneous  history  of  the  Moon.  His  later  petrological  work 
led  to  important  applications  for  understanding  the  H20  budget  in  the  interiors  of  Earth  and  the  other 
terrestrial  planets. 


Susan  Vasquez,  assistant  to  the  president,  retired  in  December  1999.  Susan  was  with  Carnegie  for  33  years 
and  worked  with  five  presidents. 

GAINS 


Daniel  Belin  was  elected  to  the  board  of  trustees  at  the  December  1999  meeting. 
Belin,  currently  a  principal  at  Belin  Consulting,  is  a  founding  partner  of  the  Los 
Angeles  law  firm  Belin  Rawlings  8cBadal.  He  is  a  trustee  of  the  Ahmanson 
Foundation  and  the  Samuel  H.  Kress  Foundation,  and  serves  on  a  variety  of  other 
boards  and  visiting  committees. 


Former  Embryology  Staff  Member  Steven  McKnight  was  elected  to  the  board  at  the 
May  2000  meeting.  McKnight  came  to  Embryology  as  a  staff  associate  in  1979  and 
left  as  a  Staff  Member  in  1992  to  cofound  Tularik,  Inc.  At  present,  he  is  the  chair- 
man of  the  Department  of  Biochemistry  at  the  University  of  Texas  Southwestern 
Medical  Center,  where  he  holds  the  Sam  G.  Winstead  and  F.  Andrew  Bell 
Distinguished  Chair  and  the  Distinguished  Chair  in  Basic  Biomedical  Research. 


Daniel  Belin 


Vilhelm  is  the  newest  staff  associate  at  Embryology.  Wilhelm  arrived  from  the 
University  of  California,  San  Francisco,  and  plans  to  study  the  mechanism  of  mRNA 
localization  during  Drosophila  oogenesis. 


The  Arabidopsis  thaliana  Information  Resource  (TAIR)  lab  at  the  Deparment  of 
Plant  Biology  welcomed  Seung  Rhee  as  director,  Eva  HyaSa  as  head  curator,  and 
Lukas  Mueller,  Margarita  Hernandez-Garcia,  and  Leonore  Reiser  as  curators. 


Steven  McKnight 


The  CASE  staff  continues  to  grow.  Julie  Edmonds  has  been  appointed  associate  director,  and  Grej 
is  the  new  administrator. 


Linda  Schweizer  was  named  assistant  director  of  External  Affairs  at  the  Observatories. 


TRANSITIONS 


Linda  Feinberg  moved  from  the  CASE  office  to  the  position  of  publications  coordinator  and  researcher  for 
the  Office  of  External  Affairs  at  P  Street. 


Sharon  Bassin  has  been  named  the  Assistant  to  the  President.  Sharon  came  to  Carnegie  in  1989  as  Maxine 
Singer's  secretary.  She  succeeds  Susan  Vasquez,  who  retired  in  December  1999. 
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HONORS 


Trustee  Frank  Press  was  appointed  an  Ordinary  Member  of  the  Pontifical  Academy  of  Sciences 
at  the  Vatican. 


Trustee  William  Rutter  received  the  2000  Bower  Award  in  Business  Leadership  from  the  Franklin 
Institute  for  his  contributions  to  the  biotechnology  industry. 


On  April  30,  Carnegie  president  Maxine  Singer  was  inducted  into  the  Washington,  D.C.,  Hall  of  Fame 
for  "outstanding  scientific  accomplishments  and  deep  concern  for  the  societal  responsibility  of  scientists  in 
Washington,  D.C."  In  November  1999,  she  spoke  at  the  Weizmann  Institute  of  Science's  Jubilee  Science 
Symposium  in  honor  of  its  50th  anniversary. 


Ves  Huntress,  director  of  the  Geophysical  Laboratory  (GL),  was  the  recipient  of  the  1999  Masursky 
Award.  This  honor  is  given  by  the  American  Astronomical  Society  for  meritorious  service  in  the  field  of 
planetary  sciences.  Dr.  Huntress  was  also  elected  to  the  board  of  directors  of  the  Association  of  Universities 
for  Research  in  Astronomy,  Inc.  (AURA)  for  a  three-year  term.  In  April  2000,  he  received  the  Federal 
Design  Achievement  Award  for  the  Mars  Pathfinder  mission.  This  award  is  given  in  recognition  of 
contributions  to  excellence  in  the  design  of  projects  for  the  federal  government.  He  was  also  elected  an 
academician  in  the  International  Academy  of  Astronautics. 


Sean  Solomon,  director  of  the  Department  of  Terrestrial  Magnetism  (DTM),  was  elected  a  member  of  the 
National  Academy  of  Sciences  on  May  2.  Election  to  membership  recognizes  "distinguished  and  continuing 
achievements  in  original  research."  He  was  one  of  60  new  members  chosen. 


Sandage,  Staff  Astronomer  Emeritus  of  the  Carnegie  Observatories,  received  the  newly  established 
Cosmology  Prize  of  the  Peter  Gruber  Foundation  on  November  9,  2000.  The  prize  recognizes  individuals 
who  have  significantly  advanced  our  understanding  of  the  universe.  Sandage  earned  the  award  in  recogni- 
tion of  his  half-century  of  leadership  "in  our  observational  quest  to  understand  the  stars,  galaxies,  and  the 
universe." 


Observatories  Staff  Member  Wendy  Freedman  was  nominated  to  the  AURA  board  of  directors. 


Wetherill  (DTM)  received  the  J.  Lawrence  Smith  Medal  and  Prize  of  the  National  Academy 
of  Sciences.  The  award  recognizes  recent  original  and  meritorious  investigations  in  meteoritics. 


DTM  Staff  Members  Alan  Boss  and  Paul  Silver  were  elected  Fellows  of  the  American  Geophysical 
Union. 


DTM's  Erik  Hauri  received  the  H.  G.  Houtermans  Medal  of  the  European 
Association  of  Geochemistry.  The  medal  is  given  every  few  years  to  an  outstanding 
young  scientist  for  his  or  her  overall  contribution  to  geochemistry.  Hauri  also 
received  the  James  B.  Macelwane  Medal  from  the  American  Geophysical  Union. 
The  medal  "recognizes  significant  contributions  to  the  geophysical  sciences  by  an 
outstanding  young  scientist  (36  years  old  or  younger)." 
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Patrick  Kelly,  research  intern  at  DTM  working  with  John  Graham  and  Dan  Kelson 
on  the  colors  and  magnitudes  of  galaxies,  was  one  of  40  finalists  selected  from  among 
1,517  applicants  in  the  Intel  Science  Talent  Search.  This  research  also  won  him  the 
Astronomical  League's  National  Young  Astronomer  Award  and  significant  coverage 
in  the  September  2000  issue  of  Sky  &  Telescope.  He  conducted  his  research  using  data 
from  the  1-meter  Swope  telescope  at  Las  Campanas.  Kelly  is  a  freshman  at  Harvard 
University  majoring  in  astrophysics. 


GL's  Hatten  Yoder  received  the  University  of  Chicago's  Professional  Achievement 
Award.  This  award,  which  is  given  to  alumni,  recognizes  Yoder's  distinguished  record 
of  professional  accomplishments  and  leadership. 


GL  Staff  Member  Y  ngwei  Fei  received  the  1999  Mineralogical  Society  of  America  award.  Charles  Prewitt 
served  as  the  citationist. 


oug  Koshland  (Embryology)  was  elected  to  membership  in  the  American  Academy  of  Arts  and  Sciences. 


Embryology's  Yixian  Zheng  won  a  nationwide  competition  to  become  a  Howard  Hughes  Medical  Institute 
investigator. 
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s  Disco 


The  Carnegie  Institution  received  gifts  and 
grants  from  the  following  corporations, 
foundations,  individuals,  and  government 
agencies  during  the  period  July  I,  1999,  to 
June  30,  2000. 


CORPORATIONS 

$1,000  to  $9,999 

Howard  C.  and  Eleanora  K. 

Robert  L  DeHaan 

AND 

Dalton 

Louis  E.  and  Nahid 

FOUNDATIONS 

The  Charlotte  and  Gary  Ernst 

Gordon  and  Alice  Davis 

De  Lanney 

Fund 

John  Diebold 

John  and  Ruth  Doak 

Paul  and  Annetta  Himmelfarb 

Jo  Ann  Eder 

Bruce  R.  Doe 

$100,000  to  $999,999 

Foundation 

Sandra  and  Andrew  Faber 

Thomas  S.  Duffy 

Newmont  Gold  Company 

Paul  N.  Kokulis 

Margaret  Durso 

Anonymous 

Nina  and  Ivan  Selin  Family 

John  D.  Macomber 

Andrew  Fire 

Howard  Hughes  Medical 

Foundation 

Marlow  and  Herrad  Marrs 

Dorothy  Ruth  Fischer 

Institute 

Richard  A.  and  Martha  R. 

Marilyn  L  Fogel 

The  G.  Harold  and  Leila  Y. 

Meserve 

Gladys  Fuller 

Mathers  Charitable 

Under  $1,000 

Alvin  E.  and  Honey  W. 

Esra  Galun 

Foundation 

Nashman 

Domenico  Gellera 

The  Starr  Foundation 

Lee  and  Louis  Kuhn 

Evelyn  Stefansson  Nef 

M.  Charles  and  Mary  Gilbert 

The  Thomas  N.  Urban,  Jr. 

Foundation 

Frank  Press 

Kirsten  and  Oliver 

and  Mary  Bright  Urban 

Robert  J.  and  Vera  C  Rubin 

Gildersleeve,  Jr. 

Foundation 

Eugenia  A.  and  Robert  C 

Joseph  S.  Gots 

The  G  Unger  Vetlesen 

Seamans,  Jr. 

Richard  and  Irene  Grill 

Foundation 

INDIVIDUALS 

Dan  and  Maxine  Singer 

Philip  Grimley 

Sidney  J.  Weinberg,  Jr. 

Allan  Spradling 

Necip  Guven 

Foundation 

Christopher  Stone 

Helen  M.  Habermann 

$100,000  to  $999,999 

David  and  Susan  Swensen 
Scott  B.  Tollefsen 

William  and  Dorothy  Hagar 
William  K.  Hart 

$10,000  to  $99,999 

Anonymous 

W.John  R.  and  Mendelle 

H.  Lawrence  Heifer 

Burton  J.  and  Deedee 

Tourover  Woodley 

Satoshi  Hoshina 

Abbott  Laboratories  Fund 

McMurtry 

Mary  L  Hoyer 

Fundacion  Andes 

Robert  jastrow 

Ball  Aerospace  & 

Under  $1,000 

Mark  E.  and  Peggy  A.  Kidwell 

Technologies  Corporation 

$10,000  to  $99,999 

Olavi  Kouvo 

Burroughs  Wellcome  Fund 

Jagannadham  Akella 

Yasuhiro  Kudoh 

Carnegie  Corporation  of 

Philip  H.  Abelson 

Paul  A.  Armond,  Jr. 

Ikuo  Kushiro 

New  York 

Bruce  Alberts 

Horace  W.  Babcock 

Otto  C  and  Ruth  Landman 

Cancer  Research  Fund  of  the 

Anonymous 

Manuel  N.  Bass 

Harold  and  Wei  Soong  Lee 

Damon  Runyon-Walter 

Euan  Baird 

Walter  Beach 

Allan  and  Melissa  Leffler 

Wmchell  Foundation 

Bent  G.  and  Renee  Laya 

Bradley  F.  and  Virginia  W. 

Harlan  Lewis 

Freddie  Mac  Foundation 

Boving 

Bennett 

Steven  and  Nancy  L'Hernault 

Golden  Family  Foundation 

Tom  Cori 

Giuseppe  and  L.  Elizabeth 

Elizabeth  Little 

David  Greenewalt  Charitable 

James  and  Alma  Ebert 

Bertani 

Felix  J.  Lockman 

Trust 

Michael  E.  Gellert 

Daniel  and  Debrah 

Eric  Long 

Richard  W.  Higgins 

Mr.  and  Mrs.  Robert  G. 

Bogenhagen 

Chester  B.  and  Barbara  C. 

Foundation 

Goelet 

Jeanette  and  Walter  Brown 

Martin,  Jr. 

Human  Genome  Sciences,  Inc. 

David  Greenewalt 

Philip  S.  and  Adele  S.  Brown 

James  M.  Mattinson 

Suzanne  and  David  Johnson 

Robert  and  Margaret  Hazen 

Rosemary  V.  Buden 

Sheila  McCormick 

Foundation 

William  R.  Hearst  III 

Gordon  Burley 

Susan  Gerbi  Mcllwain 

W.  K.  Kellogg  Foundation 

Richard  E.  Heckert 

Donald  M.  Burt 

Jack  E.  Myers 

Life  Sciences  Research 

Martha  Hoering 

John  A.  R.  Caldwell 

Catherine  A.  Neill 

Foundation 

Lois  Severini  and  Enrique 

Dana  Carroll 

T.  S.  Okada 

The  John  Merck  Fund 

Foster  Gittes 

King-Chuen  Chow 

Lucy  C.  Paschal 

The  Pew  Scholars  Program 

John  and  Annette  Coleman 

George  Pepper 

The  Deborah  Rose 

Harriet  B.  Creighton 

Douglas  and  Anne  ReVelle 

Foundation 

$1,000  to  $9,999 

John  R.  and  Muriel  H.  Cronin 

Philippe  Reymond 

The  Helen  Hay  Whitney 

Peter  and  Sarah  Davis 

Carl  R.  Robbins 

Foundation 

Donald  D.  and  Linda  W. 

Igor  B.  and  Keiko  Ozato 

Douglas  and  Karen  Rumble 

Brown 

Dawid 

Maarten  and  Corrie  Schmidt 

John  F.  Crawford 

Vincent  De  Feo 

Martin  and  Marilyn  Seitz 

Toward  Tomorrow's  Discoveries 
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Peter  and  Susan  Seligmann 
Nobumichi  Shimizu 
Edwin  and  Virginia  Shook 
Erich  and  Lis  Steiner 
David  Stewart 
Linda  L.  Stryker 
Masatoshi  Takeichi 
Ian  Thompson 
Heinz  Tiedemann 
Elwood  O.  and  Doris  E.  Titus 
Charles  H.  Townes 
William  B.  Upholt 
Larry  N.  Vanderhoef 
Richard  J.  Walker 
Zhou  Wang  and  Xiaoyan  Cai 
James  A.  Weinman 
Fredrick  P.  Woodson 
Kenzo  Yagi 
Charles  Yanofsky 
Violet  K.  Young 


RNMENT 


More  than  $1,000,000 

Department  of  Energy 
National  Aeronautics  and 

Space  Administration 
National  Institutes  of  Health 
National  Science  Foundation 


$100,000  to  $999,999 

Space  Telescope  Science 
Institute 


$10,000  to  $99,999 

Western  Regional  Center  for 
the  National  Institute  for 
Global  Environmental 
Change 


OTHER 


$100,000  to  $999,999 

The  Jet  Propulsion 

Laboratory 
International  Research 

Management  LLC 
Smithsonian  Institution 


$10,000  to  $99,999 

American  Cancer  Society 
Biosphere  Two  Center,  Inc. 
Electric  Power  Research 
Institute 
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It  is  more  important 

to  pave  the  way  for 

the  child  to  want  to 

know,  than  to  put  him 

or  her  on  a  diet  of  facts 

-Rachel  Carson 


*  * 


First  Light  and  The  Carnegie  Academy 
for  Science  Education 
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THE  DIRECTOR'S  REPORT: 


Science  for  the  City's  Children 


EJithin  months  of  becoming  president  of  the 
Carnegie  Institution  of  Washington,  Dr.  Maxine 
Singer  opened  the  doors  to  neighborhood  children 
by  founding  the  First  Light  Saturday  science 
school.  Since  1989,  the  school  has  invited  children 
from  Washington,  D.C.'s  public  elementary 
schools  to  learn  about  science  by  doing  science. 
Every  Saturday  morning  at  9:30,  about  30  third- 
to  sixth-grade  students  arrive  at  the  school  to 
engage  in  activities  such  as  building  wind  racers, 
analyzing  the  building's  tap  water,  or  starting  a 
mineral  collection.  After  lunch,  which  is  provided 
by  the  program,  the  children  go  on  a  field  trip, 
which  may  be  a  hike  along  the  Potomac  River, 
a  visit  to  the  new  earth  science  exhibit  at  the 
Museum  of  Natural  History,  or  a  tour  of  a  nearby 
Carnegie  laboratory.  Many  children  stay  in  the 
program  for  several  years,  and  some  of  the  stu- 
dents from  those  first  years  are  now  in  college. 
Over  the  past  decade,  we  have  watched  students 
develop  their  ability  to  ask  questions,  investigate 
their  questions  scientifically,  arrive  at  answers,  and 
generate  new  questions.  We  believe  that  some  of 
our  students  will  become  professional  scientists. 
More  important,  we  expect  that  all  First  Light 
students  will  grow  up  with  an  understanding  of 
the  scientific  approach  to  answering  questions  and 
solving  problems. 

Learning  Science  Is  an  Active  Process 

During  the  early  years  of  First  Light  some  parents, 
teachers,  and  one  principal  noticed  that  the  stu- 
dents who  were  in  the  program  were  doing  better 
academically  than  they  had  before.  This  observa- 
tion was  the  impetus  to  start  the  Carnegie 


First  Light  students  go  on  weekly  field  trips,  such  as  this  one 
to  nearby  Chesapeake  Bay. 


Academy  for  Science  Education,  CASE.  In 
December  1993,  CASE  was  established  with  a 
five-year  National  Science  Foundation  grant 
to  strengthen  the  teaching  of  science  and  mathe- 
matics in  the  public  elementary  schools  of 
Washington,  D.C.  Since  the  first  CASE  Summer 
Science  Institute  in  1994,  we  have  brought  more 
than  550  teachers  from  over  50  schools  to  the 
Carnegie  Institution  for  intensive  professional 
development  in  these  subjects.  In  1999  we  formed 
a  separate  mathematics  institute.  Both  programs 
immerse  teachers  in  content,  either  science  or 
mathematics,  with  two  goals:  to  substantially 
increase  their  knowledge  of  the  subject,  and 
to  give  them  experience  with  a  variety  of 
instructional  strategies. 


o 


Left:  This  display  appears  at  the  entrance  to  the  CASE  and  First  Light  laboratories  and  classrooms. 
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Roller  Coasters]^ 


CASE  summer  institute  teachers  learn  about  the  basic 
concepts  of  force  and  motion  with  a  real-world  example- 
roller  coasters. 


Teachers  in  elementary  schools  are  required  to 
teach  a  broad  range  of  topics.  In  the  case  of  science 
and  mathematics,  instructors  are  typically  poorly 
prepared.  At  CASE  we  heard  from  the  teachers 
themselves  about  the  kind  of  professional  develop- 
ment they  need  to  improve  in  these  areas.  From  , 
their  comments,  and  from  our  observations,  we 
built  the  summer  institutes  on  the  basis  of  national 
standards.  These  standards  include  the  American 
Association  for  the  Advancement  of  Science's 
(AAAS)  Benchmarks  for  Science  Literacy,  the 
National  Academy  of  Sciences'  National  Science 
Education  Standards,  and  the  National  Council 
of  Teachers  of  Mathematics'  Curriculum  and 
Evaluation  Standards  for  School  Mathematics. 
These  standards  establish  the  content  teachers 
must  teach  at  specific  grade  levels  and  provide 
guidance  on  how  best  to  teach  it.  However,  the 
standards  do  not  constitute  a  curriculum;  the  cur- 
riculum is  the  course  work  used  by  the  teachers  to 
present  the  standards  to  the  students.  At  CASE 
we  have  changed  the  curriculum  over  the  years  as 
we  have  learned  what  works  and  what  does  not. 
Our  current  curriculum  is  organized  around  a  gen- 
eral theme  that  is  approached  through  a  series  of 
questions,  which  are  investigated  through  activities. 

For  example,  the  science  institute  is  organized 
around  four  themes,  each  defined  by  an  organizing 
question.  The  first  week's  theme  is  the  nature  of 
science.  CASE  teachers  begin  learning  how  to 
approach  the  topic  through  the  organizing  ques- 
tion: How  do  we  make  good  decisions  about 


which  product  is  best?  They  test  features  of  many 
products  we  use  in  our  daily  lives,  including  the 
absorbency  and  strength  of  paper  towels,  the  size 
of  detergent  bubbles,  and  the  contents  of  a  super- 
absorbent  diaper.  Through  their  activities  the 
teachers  learn  what  makes  a  scientific  test  fair  and 
accurate,  and  how  product  tests  are  used  to 
develop  new  products.  The  activities  also  help 
them  see  immediately  the  connection  between 
mathematics  and  measurement,  and  understand 
concepts  such  as  variables,  data  analysis,  graphing, 
and  statistics.  Throughout  the  rest  of  the  insti- 
tute's session  the  organizing  questions  center  on 
the  earth,  life,  and  physical  sciences. 

Improving  Science  Education  Is  Part  of 
Systemic  Education  Reform 

To  improve  student  achievement  in  science  and 
mathematics,  the  Carnegie  Institution  recently 
joined  with  the  AAAS  and  the  D.C.  public 
schools  in  a  partnership  called  DC  ACTS.  The 
premise  of  the  program  is  that  student  achieve- 
ment will  increase  when  teachers  know  what  the 
students  must  learn  at  each  grade,  develop  year- 
long instructional  plans  for  science  and  mathemat- 
ics, and  have  the  necessary  materials  and  equip- 
ment. The  National  Science  Foundation  funded 
DC  ACTS  for  three  years  beginning  in  September 
2000.  Over  this  three-year  period  we  must 
make  significant  reforms  in  2  high  schools,  4 
middle/junior  high  schools,  and  15  elementary 
schools.  Our  effectiveness  will  be  measured  by 
whether  we  can  increase  the  Stanford  9  mathe- 
matics achievement  test  scores,  and  increase  the 
number  of  students  passing  Algebra  1  and 
advanced-placement  courses  in  science  and  mathe- 
matics. If  we  can  meet  these  goals,  we  will  have 
successfully  developed  a  program  that  can  bring 
about  reform  across  the  whole  school  system. 

The  CASE  staff  is  working  with  the  15  elemen- 
tary schools  across  the  city  to  provide  professional 
development  through  the  summer  institutes,  grad- 
uate-level courses,  and  workshops.  At  8  of  these 
schools,  groups  of  teachers  are  working  closely 
with  a  CASE  Staff  Member  to  develop  yearlong 
instructional  plans.  Additionally,  with  funds  from 
the  Howard  Hughes  Medical  Institute,  Carnegie 


is  purchasing  equipment  for  instruction  such 
as  stereoscopes,  balances,  thermometers,  and 
graduated  cylinders. 

The  Key  Is  in  the  Individuals 

Each  year  at  CASE  we  identify  talented  teachers 
who  enjoy  teaching  science  and  mathematics  and 
can  function  as  leaders.  We  now  have  a  group  of 
these  "mentor  teachers"  as  part  of  the  CASE 
summer  teaching  staff.  Many  of  them  are  also  the 
DC  ACTS  facilitators  for  their  schools;  they  are 
responsible  for  ensuring  that  reform  takes  root. 
These  educators  are  essential  to  our  success.  In  the 
short  time  CASE  has  been  in  existence  we  have 
dealt  with  four  school  superintendents.  Since  the 
average  tenure  of  a  superintendent  in  an  urban 
school  system  is  only  about  three  years,  our 
approach  is  to  work  closely  with  teachers  and  prin- 
cipals since  they,  along  with  the  students,  are  the 
people  who  remain  in  the  school  system  the  longest. 

Although  the  DC  ACTS  program  is  off  to  a  good 
start,  only  time  will  tell  if  we  will  succeed  in  our 
efforts  to  become  the  catalyst  for  changing  a  low- 
performing  school  system  into  one  that  we  can  be 
proud  of.  Our  eventual  goal  is  for  the  D.C.  school 
system  to  exemplify  the  Carnegie  way — achieving 
excellence,  supporting  exceptional  individuals, 
promoting  creativity,  and  managing  with  fiscal 
responsibility. 

— Ines  Lucia  Cifuentes 
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Geophysical  Laboratory 
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THE  DIRECTOR'S  REPORT: 


Exploring  the  Frontiers  of  Science  at 
the  Geophysical  Laboratory 


J  he  common  thread  running  through  the  science 
at  the  Geophysical  Laboratory  (GL)  is  exploring 
the  fundamental  physics  and  chemistry  of  the 
Earth  and  the  other  planets.  Our  laboratory  exper- 
iments, field  studies,  and  theoretical  investiga- 
tions— all  at  the  very,  frontiers  of  our  disciplines — 
have  led  us  to  new  insights  and  major  discoveries. 
And  these  have  helped  us  better  understand  how 
our  planet  functions,  and  how  it  has  evolved  geo- 
physically,  geochemically,  and  geobiologically. 

While  pursuing  our  objectives,  we  have  developed 
new  techniques  and  instrumentation.  These 
achievements,  coupled  with  our  expanding  knowl- 
edge, have  opened  up  entirely  new  scientific  fields. 
This  is  particularly  true  in  the  high-pressure  area, 
where  the  physics  and  chemistry  of  materials  are 
observed  under  the  extreme  conditions  that  exist 
at  planetary  centers.  The  evolution  of  the  static 
diamond  cell  to  reach  core  pressures,  for  instance, 
has  resulted  in  a  surprising  new  dimension  in 
materials  science  (Fig.  1). 

Another  new  area  at  the  lab  has  emerged  from 
our  work  in  geochemistry  and  biogeochemistry. 
Termed  "astrobiology"  by  space  scientists  and 
"geobiology"  by  earth  scientists,  this  field  has  blos- 
somed with  recent  discoveries  showing  that  life  on 
Earth  is  robust  and  pervasive.  It  extends  through- 
out the  upper  regions  of  the  planet  and  thrives  in 
extreme  conditions  of  temperature,  salinity,  and 
acidity.  Microbes  have  even  been  found  living  on 
the  tiniest  quantities  of  water,  and  they  can  use 
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Fig.  I .  There  are  three  principal  variables  in  the  science  of 
materials:  pressure,  temperature,  and  composition. 
Temperature  and  composition  are  the  two  variables  most 
commonly  used  in  laboratories  by  physicists  and  chemists  to 
change  materials.  But  in  the  universe,  pressure  actually  varies 
by  more  than  60  orders  of  magnitude.  It  is  less  than  one 
atom  per  cubic  centimeter  in  intergalactic  space  and 
increases  unimaginably  in  the  center  of  neutron  stars,  where 
the  entire  mass  of  the  Sun  is  compressed  into  a  body  smaller 
than  the  Earth. 


just  about  any  source  of  chemical  energy.  These 
findings  have  led  GL  scientists  to  explore  the 
possibility  that  life  may  have  originated  at 
hydrothermal  vents  at  the  ocean  bottom,  and 
to  look  at  how  past  life  might  be  preserved  as 
chemical  fossils  in  ancient  rocks. 

The  following  pages  highlight  some  of  the  exciting 
results  in  these  areas  and  others  over  the  past  year. 


Left:  This  is  a  structure  model  for  a  new  iron-sulfur  compound  (Fe3S),  synthesized  at  a  pressure  of  21  GPa.  Fe3S  has  a  tetragonal 
cell  and  is  the  most  iron-rich  iron  sulfide  found  so  far  in  the  Fe-FeS  system.  The  formation  of  this  iron  sulfide  at  high  pressure  has 
important  implications  for  understanding  the  mineralogy  of  sulfur-bearing  planetary  cores,  including  those  of  Earth,  Mars,  Venus, 
and  Mercury. 
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The  New  Universe  of  High  Pressure 

Recent  advances  in  high-pressure  diamond-cell 
techniques  have  led  to  the  discovery  of  new 
phenomena  in  simple  molecular  systems.  With 
increasing  pressure,  materials  undergo  a  series 
of  transitions  in  which  the  molecules  strongly 
interact  and  exhibit  an  unusual  combination  of 
quantum  and  classical  properties.  New  electrical 
measurements  show  that  hydrogen,  the  lightest 
and  most  abundant  gas  in  the  universe,  remains  an 
insulating  material  in  the  solid  state  to  pressures  of 
at  least  230  gigapascals  (GPa)  (34  million  pounds 
per  square  inch)  at  room  temperature  and  below. 
Nitrogen,  the  principal  gas  in  the  Earth's  atmos- 
phere, is  a  solid,  non-molecular  semiconductor  at 
these  pressures  (Fig.  2).  The  noble  gas  xenon 
transforms  into  a  metal  near  140  GPa,  and 
sulfur  becomes  a  superconductor  near  100  GPa, 
persisting  in  this  state  to  at  least  230  GPa. 

In  addition  to  diamond  cells,  high-pressure 
research  necessitates  small  samples — often  no 
larger  than  the  head  of  a  pin.  With  such  tiny 
objects,  very  bright  light  sources  are  needed  to 
make  sensitive  spectroscopic  measurements. 
Various  forms  of  x-ray  spectroscopy  are  key  to 
probing  molecular  structure,  and  very  bright  x-ray 
sources  can  only  be  produced  by  large  accelerators. 
We  have,  therefore,  taken  advantage  of  the  federal 
investment  in  synchrotron  photon  beam  sources. 
These  include  the  second-generation  National 
Synchrotron  Light  Source  (NSLS)  and  the  third- 
generation  Advanced  Photon  Source  (APS)  at 
Argonne  National  Laboratory.  GL  has  access  to 
two  high-pressure  synchrotron  x-ray  beamlines  at 
the  NSLS  and  has  constructed  a  new  facility  fully 
dedicated  to  high-pressure  synchrotron  infrared 
spectroscopy  there.  The  combined  x-ray  and 
infrared  installation  permits  systematic  high-pres- 
sure measurements,  which  can  address  problems 
ranging  from  dense  hydrogen  and  related  planetary 
materials  to  new  technological  materials. 

GL  scientists  are  also  leading  the  new  High- 
Pressure  Collaborative  Access  Team  (HPCAT) 
at  the  APS.  The  aim  of  this  project  is  to  design, 
construct,  operate,  and  maintain  a  sector  that  will 
be  fully  dedicated  to  high-pressure  science  with 
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Fig.  2.  These  are  photomicrographs  of  a  sample  of  nitrogen  at 
70  gigapascals  (GPa)  (top  panel)  and  193  GPa  (bottom  panel) 
at  80  K.  At  these  low  temperatures,  nitrogen  transitions 
abruptly  at  190  GPa  to  a  nonmolecular  solid.  The  sample  is 
characterized  by  contraction  and  darkening  and  the  loss  of 
vibrational  modes  characteristic  of  molecular  nitrogen.  The 
platinum  microelectrodes  for  measuring  electrical  conductiv- 
ity of  the  sample  are  visible. 


capabilities  that  will  exceed  those  at  NSLS  by 
several  orders  of  magnitude. 

Analyzing  Earths  Core  in  the  Laboratory 

Earth's  deep  interior  controls  large-scale  processes 
on  our  planet.  The  deepest  part,  the  core,  is  the 
most  extreme  terrestrial  environment.  Pressures 
there  are  over  300  GPa  (3  million  atmospheres,  or 
nearly  45  million  pounds  per  square  inch),  and 
temperatures  perhaps  approaching  those  of  parts 
of  the  Sun  (over  6000  K).  This  is  a  very  difficult 
regime  for  experiments,  yet  the  Earth's  core  is  an 
important  boundary  condition  for  the  behavior  of 
the  entire  globe.  Understanding  core  chemistry  is 
complicated  by  the  fact  that  the  behavior  of  mate- 
rials under  extreme  conditions  differs  markedly 
from  their  behavior  in  the  near-surface  environ- 
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ment.  However,  new  diffraction  and  spectroscopic 
techniques  at  high  pressures  now  allow  us  to 
investigate  the  fundamental  chemical  properties 
deep  inside  the  Earth. 

In  one  investigation,  we  obtained  data  on  the 
partitioning  of  sulfur  (S),  oxygen  (O),  silicon  (Si), 
nickel  (Ni),  and  cobalt  (Co)  between  core-forming 
iron  alloy  and  mantle  silicate  minerals,  and  the 
partitioning  of  carbon  (C)  and  S  between  solid 
and  liquid  iron  (Fe).  The  data  indicate  that  the 
estimated  abundances  of  Ni  and  Co  in  the  Earth's 
upper  mantle  are  best  explained  by  equilibrium 
core-mantle  differentiation  in  a  global  deep- 
magma  ocean  on  the  primitive  Earth. 

The  core's  density  deficit  suggests  the  presence  of 
a  light  element  (or  elements)  such  as  sulfur,  which 
is  cosmochemically  abundant.  Therefore,  melting 
relations  and  mineralogy  in  this  system  are  funda- 
mentally important  for  understanding  the  thermal 
and  physical  state  of  a  sulfur-bearing  iron  core. 
From  our  investigations,  we  have  found  three  new 
high-pressure  Fe-S  compounds:  Fe3S2,  Fe3S,  and 
Fe2S  at  pressures  up  to  21  GPa  and  at  tempera- 
tures between  950°C  and  1400°C.  GL  researchers 
have  also  developed  new  x-ray  techniques  that 
provide  direct  experimental  information  on  the 
rheology  of  iron  at  the  core's  intense  pressures. 
This  latter  work  will  help  to  identify  the  active  slip 
systems  that  contribute  to  the  deformation  of  iron 
in  the  inner  core. 

Carnegie  researchers  are  also  using  theoretical 
methods  to  better  understand  the  origin  of  the 
behavior  of  materials  at  high  pressures.  These 
methods  help  scientists  make  predictions  where 
data  are  not  yet  available  and  help  test  and  under- 
stand new  experimental  processes.  One  area  of 
close  interaction  between  theory  and  experiment  is 
in  studying  the  elasticity  of  iron  under  conditions 
of  the  Earth's  inner  core.  New  computations  of 
the  elasticity  of  Fe  at  the  pressures  and  tempera- 
tures there  (over  3  million  atmospheres  and 
6000  K)  agree  well  with  seismological  and  free 
oscillation  studies. 


Studying  the  Martian  Interior  from  Afar 

It  was  once  believed  that  three  terrestrial  planets — 
Venus,  Earth,  and  Mars — would  be  found  to  have 
similar  bulk  compositions.  However,  before  the 
1997  Mars  Pathfinder  mission,  the  moment  of 
inertia  factor  was  known  only  for  Earth;  it  is 
consistent  with  a  bulk  nonvolatile  element 
composition  equivalent  to  a  CI  chondritic  class 
meteorite.  The  large  uncertainty  regarding  Mars 
left  room  for  many  composition  models.  With 
the  Pathfinder  mission,  scientists  were  able  to 
determine  a  more  accurate  value  for  Mars,  and 
work  at  GL  has  since  shown  that  it  is  inconsistent 
with  that  of  Earth's.  This  is  a  significant  finding 
since  future  planetary  accretion  models  will  have 
to  account  for  these  planetary  variations. 

Water:  Earth's  Primary  Sculptor 

Water  is  the  single  most  powerful  agent  for  geo- 
logic change  on  our  planet,  and  it  may  play  an 
important  role  on  Mars,  Europa,  and  elsewhere. 
Whether  it  is  found  in  Mississippi  Delta  sediment 
or  in  the  chondrules  from  the  parent  bodies  of 
meteorites,  water  is  a  key  ingredient  for  geochemi- 
cal  change.  It  causes  chemical  reactions  in  rocks, 
altering  their  ratios  of  oxygen  and  hydrogen 
isotopes.  Seawater,  rainwater,  glacier  ice,  ground- 
water, and  extraterrestrial  water  each  have  a 
distinctive  isotope  ratio,  which  allows  us  to 
determine  where  the  water  originated. 

Stable-isotope  geochemistry  has  proved  to  be  a 
powerful  research  tool  to  study  water-rock  interac- 
tions. We  have  been  perfecting  in  situ  microanaly- 
sis by  developing  methods  for  lasers  to  analyze 
oxygen  isotopes  in  silicate  and  oxide  minerals  and 
sulfur  isotopes  in  sulfide  minerals. 

We  have  been  analyzing  oxygen  isotopes  in  high- 
pressure  minerals  from  a  Cambrian  continental 
collision  zone  in  northern  Kazakhstan.  These 
unusual  samples  contain  diamonds  in  a  matrix  of 
metamorphosed  sediments.  The  results  will  help 
us  understand  how  surface  rocks  can  be  subducted 
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to  depths  of  125  kilometers  or  more  and  return  to 
Earth's  surface  without  losing  their  definitive 
characteristics.  With  our  Chinese  colleagues,  we 
have  also  been  investigating  rocks  from  a  Triassic 
collisional  terrain  in  eastern  China.  These  rocks 
have  an  interesting  cold-climate  signature  inferred 
from  depleted  180  and  depleted  deuterium  iso- 
topes. Recent  age  determinations  on  zircon, 
combined  with  180/160  analyses,  demonstrate 
that  a  cold  climate  existed  750  million  years  ago, 
coincident  with  glacial  deposits  of  the  "Snowball 
Earth"  era. 

Looking  for  Life  in  All  the  Right  Places 

Stable-isotope  analysis  can  unravel  other  condi- 
tions of  the  past,  too.  The  elements  C,  N,  H,  O, 
and  S  are  excellent  tracers  of  biological  reactions 
that  manifest  themselves  in  organic  and  inorganic 
materials.  Long  after  an  organism  has  perished,  its 
isotopic  composition  can  tell  us  how  it  interacted 
with  its  environment.  Carbon  isotopes  can  identify 
food  sources,  oxygen  and  hydrogen  isotopes  can 
trace  drinking  water,  and  nitrogen  isotopes  can 
establish  predator-prey  relationships.  Sulfur  iso- 
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Fig.  3.  This  cross  section  of  a  pencil-size  pyrite  (FeS2)  stalac- 
tite was  found  in  a  deposit  from  ancient  warm  springs  on  the 
shore  of  the  extinct  Lake  Creede  in  Colorado.  The  boxed 
numbers  show  an  enormous  range  in  sulfur  isotope  values, 
from  -18  to  +70  per  mil.  Microbes  convert  oxidized  sulfur  in 
solution  to  reduced  sulfur,  which  precipitates  in  the  presence 
of  iron  as  the  mineral  pyrite.  The  microbes  preferentially 
metabolize  the  lightest  isotope  of  sulfur,  32S,  and  thus  produce 
large  depletions  in  34S  in  the  precipitated  pyrite  (negative  val- 
ues). Although  all  traces  of  the  microbes  have  been  obliter- 
ated, the  pyrite-fractionated  sulfur  isotopes  remain  as  a  per- 
manent record  of  their  former  presence. 


topes  are  especially  useful  in  investigations  of 
"extremophiles" — microbes  that  inhabit  sites 
toxic  to  humans. 

We  are  beginning  to  study  sulfur  isotopes  in 
sulfide  minerals  to  see  if  they  contain  evidence 
indicating  living  organisms.  To  gain  chemical 
energy,  terrestrial  extremophiles  use  enzymes  to 
reduce  or  oxidize  aqueous  sulfur.  In  the  course  of 
the  redox  process,  the  oxidized  sulfur  species  are 
enriched  in  34S  and  reduced  species  are  depleted 
in  34S.  If  there  is  iron  in  the  system,  the  reduced 
sulfur  precipitates  as  the  insoluble  mineral  pyrite. 
Thus,  under  favorable  circumstances  pyrite  may 
carry  a  virtually  indestructible  record  of  life 
processes.  Experiments  at  GL  will  begin  by  ana- 
lyzing all  four  sulfur  isotopes  in  living  microbial 
colonies.  The  data  may  yield  isotope  systematics 
indicating  specific  metabolic  pathways.  These  can 
then  be  applied  to  the  analyses  of  ancient  sulfide 
deposits  on  Earth  and  in  extraterrestrial  samples. 

Microorganisms  are  primarily  responsible  for 
degrading  biochemical  structures.  Organic  matter 
that  enters  the  fossil  record,  therefore,  contains 
bacterial  "signatures" — molecular  and  isotopic 
biomarkers — from  the  decomposition  process. 
To  investigate  these  remnants,  GL  scientists  are 
adapting  techniques  from  modern  protein  and  car- 
bohydrate biochemistry  to  look  for  biochemical 
fossils.  Thus  far,  we  have  characterized  the  iso- 
topic and  molecular  nature  of  a  diverse  pool  of 
microorganisms.  We  are  now  able  to  distinguish 
lipids  in  the  fossil  record  synthesized  under 
anaerobic  processes  from  those  produced  in  the 
presence  of  molecular  oxygen.  We  are  also  investi- 
gating the  isotopic  fractionations  in  amino  acids 
that  are  related  to  biochemical  and  metabolic 
processes.  Here  we  have  found  novel  biosynthetic 
pathways  in  species  of  Archaea.  A  key  goal  is  to 
develop  sensitive  techniques  for  finding  bacterial 
amino  acids  in  waters  and  geothermal  fluids  at 
hydro  thermal  vents. 
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Fig.  4.  Marilyn  Fogel  is  shown  collecting  samples  in  the  fringe 
mangrove  zone  at  Twin  Cayes,  Belize. 


Once  Upon  a  Time,  Before  Biology, 
There  Was  a  Chemical  Earth. . . 

A  half-century  of  research,  much  of  it  inspired  by 
the  work  of  Stanley  Miller  and  Harold  Urey,  has 
focused  on  prebiotic  chemistry  in  near-surface 
conditions  in  the  absence  of  rocks  and  minerals. 
The  idea  that  life  may  have  originated  at  the  ocean 
bottom  in  the  presence  of  minerals  at  high-pres- 
sure, high-temperature  hydrothermal  vents  is 
more  recent,  however.  The  discoveries  of  modern 
diverse  ecosystems  at  these  sites  make  such 
environments  attractive  as  possible  geochemical 
incubators  for  biology  on  the  early  Earth. 

It  is  a  natural  outgrowth  of  the  lab's  expertise  and 
instrumentation  to  look  at  this  exciting  new  area. 
Our  goal  here  is  to  establish  a  seamless  connection 
between  the  young  geochemical  world  and  the 
subsequent  biochemical  world.  Currently  we  are 
investigating  how,  under  extreme  pressure,  the  hot 


crustal  minerals  and  gases  from  the  vents  provide 
the  chemical  resources  to  support  a  diverse  local 
biological  community.  By  analyzing  these  organ- 
isms, GL  scientists  hope  to  discover  the  earliest 
chemical  mechanisms  used  in  biology  and  to 
develop  laboratory  methods  to  understand  the  evo- 
lution from  prebiotic  chemistry  to  primitive  life. 

One  of  our  GL  Staff  Members,  John  Frantz,  actu- 
ally travels  to  high-pressure  hydrothermal  vents  at 
the  bottom  of  the  ocean.  John  has  developed  an 
instrument  that  measures  the  hydrogen  fugacity  of 
high-temperature  fluids.  This  is  a  measure  of  the 
fluid's  oxidation  state,  which  has  direct  bearing  on 
the  microbial  activity  within  the  hydrothermal 
structures.  His  device  uses  a  gold-palladium  semi- 
permeable membrane,  allowing  us  for  the  first 
time  to  measure  hydrogen  fugacities  at  tempera- 
tures to  below  50°C.  In  September  2000,  Frantz, 
as  part  of  the  crew  of  the  submersible  AL  VIN, 
deployed  the  instrument  at  the  Juan  de  Fuca  Ridge 
(Fig.  5).  He  returned  to  GL  with  some  unique 
data  from  inside  a  deep-ocean  vent. 

In  conjunction  with  these  field  studies,  we  have 
been  investigating  aqueous  organic  chemistry  in 
the  lab  at  high  temperatures  and  pressures  in  the 
presence  of  transition  metal  sulfides  known  to 


Fig.  5.  This  picture  was  taken  from  the  ALVIN  submersible 
during  John  Frantz's  dive  on  the  Juan  de  Fuca  Plate.  The 
hydrogen  fugacity  measurement  sensor  is  being  deployed 
into  an  active  hydrothermal  vent. 
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exist  in  modern  hydro  thermal  vent  systems.  These 
sulfides  can  promote  geochemical  reactions  that 
mimic  key  metabolic  reactions  in  living  organisms 
where  enzymes  are  used  as  catalysts.  One  example 
is  the  carbonyl  insertion  reaction.  It  is  integral  to 
the  acetyl  CoA  synthase  enzyme  complex  in 
chemoauto trophic  microorganisms.  Although  this 
project  is  relatively  new,  we  have  identified  poten- 
tial geochemical  pathways  that  may  have  served  as 
the  most  primitive  metabolic  chemistry.  Important 
advances  in  this  research  include  demonstrating 
hydrothermal  reduction  of  nitrogen  gas  to  ammo- 
nia in  the  presence  of  iron  oxides  and  sulfides; 
identifying  a  novel  synthetic  pathway  for  citric 
acid  synthesis;  forming  apparently  catalytic 
organometallic  phases  and  the  attendant  synthesis 
of  alpha  keto  acids;  enhancing  aldol  reactions 
involving  alpha  keto  acids  on  the  surfaces  of  pyrite; 
and  finding  a  potential  autocatalytic  cycle  that 
might  serve  as  a  model  for  the  most  primitive 
metabolism.  Among  the  most  exciting  findings  to 
date  is  that  under  hydrothermal  conditions,  several 
reactions  in  the  citric  acid  metabolic  cycle  proceed 
without  enzymes.  We  have  not  yet,  however, 
achieved  a  self-sustained,  autocatalytic  system. 

Transition  metal  sulfides  can  promote  carbon- 
addition  reactions,  which  are  important  in 
synthesizing  larger  organic  molecules.  All  of  the 
sulfides  studied  promote  Fischer-Tropsch-type 
reactions.  They  lengthen  hydrocarbon  chains 
using,  in  this  case,  formic  acid  as  the  extra  carbon 
source.  In  addition,  Co  and  Ni  sulfides  (and  to  a 
lesser  extent  Fe  sulfides)  mediate  carbonylation 
reactions,  which  produce  carboxylic  acids  from 
thiols.  Sulfide  minerals  can  be  reactants  as  well  as 
catalysts  in  these  processes.  We  have  observed  the 
synthesis  of  numerous  additional  organic  and 
organometallic  compounds,  including  organic 
di-  and  trisulfides,  methyl-thiol,  and  transition 
metal  carbonyls  (Fig.  6). 
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Fig.  6.  Large  quantities  of  organometallic  compounds  are 
synthesized  at  high  temperature  and  pressure  using  a 
mineral  (FeS),  an  organic  molecule  (nonyl  thiol),  and  a  source 
of  carbon  monoxide  (formic  acid).  These  organometallic 
phases  have  useful  catalytic  properties.  For  example,  they 
promote  double  carbonyl  insertions  critical  for  the  synthesis 
of  the  key  metabolic  intermediates  pyruvic  acid  and  alpha 
ketoglutarate.  They  are  also  structurally  similar  to  a  key 
active  center  found  in  the  biological  enzyme  hydrogenase, 
suggesting  a  possible  connection  between  the  geochemical 
and  earliest  biological  worlds. 


It  is  possible  that  suites  of  carbonylated 
organometallic  compounds  could  serve  the  role 
of  primitive  enzymes.  A  landmark  experiment  in 
this  area  yielded  particularly  exciting  results:  we 
observed  the  synthesis  of  pyruvic  acid,  which  is  a 
key  molecular  entry  point  to  the  citric  acid  cycle. 
This  result  provides  further  evidence  for  the 
complex  prebiotic  chemistry  that  must  have 
occurred  in  the  Earth's  Archaean  oceans.  And  it 
may  be  a  key  stepping-stone  to  our  understanding 
other  mechanisms  that  were  involved  in  the  transi- 
tion from  a  chemical  world  to  the  biological  world 
we  know  today. 

— Wesley  T.  Huntress,  Jr. 
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Fig.  7.  Members  of  the  Geophysical  Laboratory,  September  2000.  First  row  (from  left):  Joe  Boyd,  Holger  Helwig,  Jie  Li, 
David  George,  Paul  Meeder,  Lawrence  Patrick,  Pablo  Esparza,  Jingzhu  Hu,  Sue  Schmidt.  Second  row:  Jennifer  and 
Yingwei  Fei,  Shaun  Hardy,  Jinfu  Shu,  Chris  Hadidiacos,  A.  J.  Jayaraman,  Charles  Prewitt,  Wes  Huntress,  Hatten  Yoder, 
George  Cody,  David  Mao.  Third  row:  Rus  Hemley,  Marilyn  Fogel,  Bjorn  Mysen,  Jim  Van  Orman,  Michelle  Minitti, 
Satoshi  Nakano,  Anurag  Sharma,  Margie  Imlay,  John  Straub.  Fourth  row:  James  Scott,  Yanzhang  Ma,  Dean  Presnall, 
Przemyslaw  Dera,  Bill  Minarik,  Nabil  Boctor,  Monika  Koch-Muller,  Viktor  Struzhkin,  Maceo  Bacote.  Fifth  row: 
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THE  DIRECTORS  REPORT 


"I  BELIEVE  THAT. .  .WE  ARE  ENTERING  A  PERIOD  OF  UNPARALLELED  PROGRESS  IN 
UNDERSTANDING  THE  MECHANISTIC  ASPECTS  OF  PLANT  BIOLOGY." 


n  January  2000,  the  scientific  journal  Cell 
marked  the  arrival  of  the  new  century  by  publish- 
ing a  series  of  articles  reflecting  on  the  progress 
made  in  biology  during  the  past  century.  I  was 
invited  to  summarize  the  major  advances  in  plant 
biology  during  that  period — a  task  I  subsequently 
realized  was  out  of  all  proportion  to  the  available 
space  or  time  allotted.  Forced  to  be  succinct,  I 
settled  on  six  major  advances:  the  discoveries  of 
transposons,  phytohormones,  and  phytochromes; 
the  elucidation  of  the  mechanisms  that  support 
photosynthesis;  several  advances  in  plant  pathol- 
ogy, such  as  the  crystallization  of  the  tobacco 
mosaic  virus  and  the  formulation  of  the  gene-for- 
gene  hypothesis;  and  the  experimental  demonstra- 
tion of  the  relative  contributions  of  heredity  and 
adaptation  in  controlling  phenotype.  It  is  hearten- 
ing to  note  that  at  least  two  of  these  advances — 
the  discovery  of  transposons  and  understanding 
phenotype — are  associated  with  former  Carnegie 
Staff  Member  Barbara  McClintock  and  the  col- 
laborative team  of  Staff  Members  Jens  Clausen, 
David  Keck,  and  William  Hiesey.  In  addition,  for 
much  of  the  century,  the  Carnegie  Department  of 
Plant  Biology  was  a  leading  center  for  research  on 
photosynthesis.  The  founding  director  of  the 
department,  Herman  Spoehr,  was  one  of  the  lead- 
ing figures  of  his  time  in  this  study,  as  was  his  suc- 


cessor, Stacy  French,  and  many  other  Staff 
Members  over  the  years. 

Another  major  advance  in  plant  biology,  the  study 
of  phytochrome  and  other  photoreceptors,  has  also 
been  a  long-standing  strength  of  the  department. 
This  is  due  in  large  part  to  the  work  of  director 
emeritus  Winslow  Briggs.  During  the  past  several 
years,  Winslow  and  his  collaborators  have  discov- 
ered the  molecular  mechanisms  that  underlie  the 
ability  of  plants  to  bend  toward  blue  light  (Fig.  1). 
This  phototropic  response  was  discovered  by 
Charles  Darwin  and  his  son  Francis  and  in  1897 
was  published  in  the  book  The  Power  of  Movement 
in  Plants.  Approximately  one  hundred  years  after 


flavin  -cysteinyl  adduct 


Fig.  I.  This  image  shows  light  sensing  by  the  LOV  domains  of 
phototropin.  Purified  LOV2  oat  phototropin  is  under  UV  light 
(left).  To  the  right  is  a  representation  illustrating  the  pro- 
posed light-induced  formation  of  a  C  (4a)-thiol  adduct 
between  the  FMN  chromophore  and  a  conserved  cysteine 
residue  within  the  LOV  domain. 


o 


Left:  This  is  a  three-dimensional  reconstruction  of  a  living  Arabidopsis  embryo  visualized  with  a  cCDA::GFP  fusion  protein  that 
highlights  the  plasma  membrane  of  each  cell.  (Courtesy  David  Ehrhardt,  Department  of  Plant  Biology.) 
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this  phenomenon  was  described,  Briggs  and  a  team 
of  students  and  postdocs  cloned  a  gene  that  com- 
plemented a  mutation  of  Arabidopsis  that  was 
unable  to  respond  to  blue  light.  This  gene  encodes 
a  novel  protein  called  phototropin  that  is  able  to 
absorb  quanta  of  blue  light  through  the  presence  of 
a  bound  flavin.  When  expressed  in  insect  cells,  the 
protein  exhibits  blue-light  regulated  kinase  activity. 
The  implication  of  this  discovery  is  that  the  first 
step  in  photo tropism  is  light  activation  of  the 
kinase,  which  then  phosphorylates  one  or  more  pro- 
teins to  alter  their  properties.  Because  of  the  attenu- 
ation of  the  light  by  absorption  and  reflection  by  the 
plant  tissue,  the  irradiance  would  be  expected  to  be 
highest  in  the  cells  nearest  the  incident  light. 
Presumably  this  leads  to  a  higher  concentration  of 
kinase  activity  on  the  side  of  the  plant  nearest  the 
light,  and  this  in  turn  leads  to  activation  or  inactiva- 
tion  of  other  processes  causing  the  plant  to  bend 
toward  the  light.  Although  much  remains  to  be 
learned  about  the  growth  process,  the  essential 
details  of  the  initial  steps  of  the  sensory 
mechanism  now  seem  to  be  understood.  (See 
http://www.carnegieinstitution.org/plant_biology_ 
frame.html  for  more  information.) 

Algae  and  cyanobacteria  also  undergo  many 
adaptive  changes  in  response  to  changes  in  the 
quality  or  quantity  of  light.  This  subject  has  been 
a  long-standing  interest  for  Staff  Member  Arthur 
Grossman.  Several  years  ago  Grossman  and 
collaborators  made  the  surprising  discovery  that 
cyanobacteria  contain  a  protein  that  is  structurally 
related  to  the  plant  photoreceptor  phytochrome. 
Recently,  Grossman  and  collaborator  Devaki 
Bhaya  have  implicated  a  phytochrome-like  protein 
in  a  mechanism  by  which  cyanobacteria  move 
toward  light,  a  response  that  resembles  the 
phototropic  response  of  higher  plants. 

The  unicellular  cyanobacterium  Synechocystis 
PCC6803  uses  pili  for  phototaxis.  Type  IV  pili  are 
proteinaceous  surface  appendages  that  are  now 
implicated  in  a  wide  variety  of  bacterial  activities, 
such  as  virulence  in  pathogenic  bacteria,  biofilm 
formation  as  well  as  surface-dependent  motility  in 
which  cells  use  molecular  motors  to  power  gliding 
over  a  surface.  By  analyzing  the  genes  that  com- 
plement nonmotile  mutants,  Grossman  and  Bhaya 


Light 


Positive  phototaxis 


Negative  phototc 


Fig.  2.  This  series  of  images  shows  how  the  cyanobacterium 
Synechocystis  reacts  to  a  unidirectional  light  source.  On  the 
left,  groups  of  wild-type  cells  aggregate  into  fingerlike  projec- 
tions that  move  toward  the  light  (positive  phototaxis).  A 
nonmotile  mutant  is  shown  in  the  middle;  on  the  right, 
another  mutant  orients  itself  and  moves  away  from  the 
light  source  (negative  phototaxis). 


discovered  a  number  of  regulatory  elements, 
including  a  specific  photoreceptor  that  links  the 
light  cue  to  motor  operation.  The  photoreceptor  is 
a  hybrid  protein  that  has  one  domain  that  is  char- 
acteristic of  a  chromophore-binding  domain  from 
vascular  plant  phytochromes.  It  also  has  a  second 
domain,  which  resembles  the  sensory  transduction 
domain  associated  with  chemotaxis  proteins  of 
bacteria.  Interestingly,  a  mutant  lacking  this  pho- 
toreceptor still  responds  to  a  unidirectional  light 
source;  but  instead  of  moving  toward  the  light,  it 
moves  backward  (Fig.  2).  This  behavior  suggests 
that  at  least  one  additional  photoreceptor  must  be 
important  for  directional  motility  of  cyanobacteria 
with  respect  to  light.  It  is  fascinating  to  compare 
how  a  similar  photoreceptor  has  been  used  for 
widely  different  purposes  in  terrestrial  plants  and 
cyanobacteria  by  coupling  different  functional 
domains.  Additional  details  of  this  work  are 
available  at  http://www.carnegieinstitution. 
org/plant_biology_frame.html. 

Progress  on  these  problems  and  many  others  has 
been  greatly  facilitated  by  the  recent  advances  in 
plant  genomics.  Work  in  the  Grossman  lab  was 
accelerated  by  the  availability  of  a  complete 
genome  sequence  for  Synechocystis  PCC6803.  The 
cloning  of  the  phototropin  gene  by  Briggs  was  also 
accomplished  by  using  map-based  cloning  meth- 
ods that  depend  on  the  availability  of  high-resolu- 
tion genetic  maps  of  Arabidopsis.  The  power  of 
this  approach  was  greatly  improved  this  year  by 
the  release  of  the  complete  sequence  of  the 
Arabidopsis  genome — a  landmark  achievement  in 
plant  biology.  During  the  past  10  years,  a  large 
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multinational  effort  worked  on  this  sequence  of 
about  130  million  nucleotides — a  testament  to 
scientific  collegiality.  Despite  the  tremendous 
value  of  having  access  to  large  amounts  of  genome 
sequence,  all  of  the  groups  involved  in  the  effort 
released  the  data  without  delay  or  restrictions, 
and  without  filing  patents  on  the  genes. 

Now  that  the  Arabidopsis  sequence  is  available,  a 
new  10-year  project  called  The  2010  Project  has 
been  initiated.1  The  goal  of  this  new  international 
project  is  to  determine  the  function  of  all  higher 
plant  genes  by  2010.  Arabidopsis  has  about  25,500 
genes.  Currently,  the  function  is  known  in  detail 
for  only  about  1,000  of  them.  Thus,  there  is  an 
enormous  task  ahead.  However,  it  must  be  said 
that  when  the  Arabidopsis  genome  sequence  project 
began  in  1989,  that  task  too  appeared  to  be  daunt- 
ing. A  lesson  from  that  project  was  the  understand- 
ing that  it  is  very  stimulating  to  set  high  goals — 
the  challenges  they  present  elicit  creative  solutions 
from  the  scientific  community  and  lead  to  advances 
that  would  probably  not  take  place  otherwise. 

It  is  axiomatic  that  scientific  discoveries  cannot  be 
planned  but  arise  unexpectedly  from  individuals 
following  the  imperatives  of  personal  curiosity. 
While  many  discoveries  seem  to  obey  this  rule,  it 
is  also  true  that  great  progress  has  been  made  in 
many  fields  by  providing  support  for  scientists 
working  toward  specific  large  goals.  The  mappings 
of  Mars  and  Venus  are  examples  where  large  num- 
bers of  scientists  mobilized  to  solve  specific  scien- 
tific and  technical  challenges.  Indeed,  large-scale 
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Fig.  3.  Among  the  projects  on  gene  identification  at  the 
department,  the  Chris  Somerville  lab  has  characterized  an 
Arabidopsis  mutation  called  MONOPOLE.  A  wild-type  embryo 
is  shown  on  the  left;  the  mutant  is  on  the  right.  The  monopole 
mutant  is  characterized  by  a  defect  in  the  organization  of 
the  lower  half  of  the  embryo  caused  by  abnormalities  in  a 
fundamental  ability  to  specify  the  identity  of  each  cell. 


Fig.  4.  Members  of  The  Arabidopsis  Information  Resource 
(TAIR)  team  from  Carnegie  are  shown  here.  From  left  are 
Margarita  Garcia-Hernandez,  Eva  Huala,  Lukas  Mueller, 
Sue  Rhee,  and  Leonore  Reiser.  The  following  Carnegie  team 
members  are  not  shown:  J.  Joon,  Bengt  Anell,  Aisling  Doyle, 
and  Chris  Somerville. 


projects  work  best  when  they  are  focused  around 
technical  goals.  In  fact,  it  is  technical  accomplish- 
ments that  can  be  planned,  rather  than  discovery 
per  se.  In  this  respect,  The  2010  Project  is  a  tech- 
nical program  that  will  enable  discoveries  by  the 
plant  biology  community  such  as  those  made 
recently  by  Grossman,  Briggs,  and  colleagues. 

The  Department  of  Plant  Biology  is  currently 
involved  in  several  other  aspects  of  plant  genome 
projects.  Arthur  Grossman  is  part  of  a  consortium 
that  is  working  toward  developing  a  fiill  suite  of 
genomic  tools  for  Chlamydomonas.  Staff  associate 
Sue  Rhee  and  her  colleagues  have  developed  a  major 
new  database  called  The  Arabidopsis  Information 
Resource  (TAIR)  that  provides  access  to  all  aspects 
of  Arabidopsis  genome  information  (http://www. 
arabidopsis.org/home.html)  (Fig.  4).  Finally,  Shauna 
Somerville  is  part  of  a  consortium  that  provides 
access  to  DNA  microarrays  for  the  plant  community 
(http://afgc.stanford.edu).  Although  this  department 
may  continue  to  participate  to  some  extent  in 
helping  reach  the  technical  goals  of  The  2010 
Project,  the  main  emphasis  of  the  molecular  biology 
groups  will  continue  to  be  on  using  the  tools  that 
are  developed  to  understand  key  processes  in  plant 
adaptation,  growth,  and  development.  I  believe 
that  with  the  availability  of  these  new  tools  we  are 
entering  a  period  of  unparalleled  progress  in  under- 
standing the  mechanistic  aspects  of  plant  biology. 

— Christopher  Somerville 

Somerville,  C.  and  J.  Dangl,  Plant  Biology  in  2010,  Science  290,  2077- 
2078,  2000. 
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THE  DIRECTOR'S  REPORT 


"..  .THIS  INSTITUTION  AND  THE  DEPARTMENT  OF  EMBRYOLOGY  HAVE  BEEN 
STRIVING  TO  DECIPHER  GENE  STRUCTURE  AND  FUNCTION  FOR  MOST  OF  THE  LAST 
100  YEARS." 


0  enetic  studies  that  focus  on  entire  genomes, 
a  field  now  known  as  genomics,  are  engaging 
widespread  public  interest  in  biological  research. 
Genomics  strives  to  discover  all  of  an  organism's 
genes,  and  to  determine  their  chromosomal 
location,  structure,  regulation,  expression,  and 
function.  Making  this  information  publicly 
available  in  large  databases  allows  biologists  to 
undertake  powerful  new  approaches  to  previously 
intractable  biological  phenomena.  A  collection  of 
technologies,  including  large-scale  DNA  sequenc- 
ing, software  development,  and  the  increasing  use 
of  automation,  are  greatly  accelerating  the  speed 
and  capabilities  of  gene-focused  studies,  driving 
this  research  toward  a  "postgenomic"  era.  This 
year  alone,  the  gene-rich  portion  of  the  fruit  fly 
(Drosophila)  genome  was  sequenced,  and  the 
nearly  finished  human  genome  sequence  will 
be  published  shortly.  These  developments 
unquestionably  open  many  new  opportunities  for 
biological  research  and  cause  us  to  rejoice  at  our 
good  fortune  to  be  working  as  biologists  at  this 
particular  point  in  history. 


Genomic  research  is  frequently  viewed  by  the 
public,  and  even  in  some  scientific  quarters,  as  a 
relatively  new  development.  In  reality,  though, 
this  institution  and  the  Department  of 
Embryology  have  been  striving  to  decipher  gene 
structure  and  function  for  most  of  the  last  100 
years.  The  Carnegie  Institution  became  involved 
in  Drosophila  genomics  almost  90  years  ago 
through  its  support  of  researchers  in  the  Thomas 
H.  Morgan  laboratory  at  Columbia  University. 
The  intellectual  program  of  classical  genetics,  as 
reflected  in  Morgan's  research,  set  many  of  the 
same  goals  of  gene  discovery,  mapping,  and 
analysis  that  are  today  being  realized  using  DNA 
sequences.  Led  by  Calvin  Bridges,  then  a  Carnegie 
employee,  Drosophila  genomic  information  was 
compiled  into  some  of  the  first  genome  databases 
and  distributed  to  the  public  as  Carnegie 
Institution  of  Washington  (CIW)  publications. 
Detailed  summaries  of  genes  on  the  X-chromo- 
somes  (1915)  and  on  chromosomes  2  (1919)  and 
3  (1927)  were  released  in  CIW  publications 
numbers  213,  278,  and  327,  respectively.  In  1944, 
following  the  first  detailed  physical  mapping  of 
the  genome  using  polytene  chromosomes — also 


Left:  This  image  shows  photomicrographs  of  two  Drosophila  testes.  The  Matunis  lab  is  searching  for  molecules  that  regulate  stem  cells  by 
genetically  removing  candidate  signaling  molecules  from  testis  tissue  and  examining  any  corresponding  change  in  the  number  of  stem  cells. 
The  smaller  testis  is  a  wild-type  control  with  just  a  few  stem  cells  at  the  apical  end.  In  the  larger  testis,  the  STAT  signaling  has  been  overin- 
duced,  resulting  in  the  production  of  thousands  of  cells  with  stem-cell  characteristics;  these  appear  as  bright  green.  This  result 
suggests  that  Jak- Stat  signaling  instructs  stem-cell  fate,  rather  than  maintaining  cell  viability. 
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accomplished  by  Bridges — enhanced  databases 
linking  genes  to  specific  chromosomal  sites  were 
distributed  in  CIW  publication  number  552. 
Later,  in  1967,  Dan  Lindley  and  E.  H.  Grell 
released  a  further  update  as  CIW  publication  627. 
These  later  two  works  served  for  50  years  as  indis- 
pensable preelectronic  Drosophila  Web  sites  with 
countless  daily  "hits"  by  active  researchers. 

Identifying  genes  and  describing  their  activity  is 
unquestionably  important,  but  analyzing  gene 
function  remains  the  critical  element  in  gene-cen- 
tered biology.  Research  from  this  department,  on 
several  occasions,  has  accelerated  this  aspect  of 
genomic  research.  Classically,  the  genes  required 
for  a  particular  physiological  process  are  discovered 
by  identifying  mutations  that  prevent  the  process 
from  occurring  normally.  To  complete  this  "for- 
ward" genetic  approach,  it  is  necessary  to  decipher 
the  molecular  identities  of  the  altered  genes.  In 
contrast,  by  first  purifying  genes,  transcribing 
them  in  vitro,  and  assessing  the  effects  of  chemi- 
cally produced  mutations,  Don  Brown's  group 
forged  one  of  the  original  templates  for  an  alterna- 
tive or  "reverse  genetic"  approach  to  understanding 
gene  function.  Today,  with  a  plethora  of  genes 
defined  only  by  their  DNA  sequence,  reverse 
genetics  is  on  its  way  to  becoming  the  norm. 

To  understand  what  roles  genes  play  in  a  multicel- 
lular organism,  genetically  altered  animals  must  be 
constructed  in  which  the  activity  of  individual 
genes  can  be  experimentally  controlled  or  elimi- 
nated. This  task  has  been  facilitated  by  current  and 
former  department  Staff  Members  who  developed 
methods  for  introducing  altered  DNA  molecules 
into  the  genomes  of  Drosophila  and  the  nematode 
Caenorhabditis.  Creating  methods  to  mutagenize 
the  genomes  of  Arabidopsis  or  Drosophila  using 
transposable  elements  has  also  helped.  In  the  case 
of  the  fruit  fly,  this  latter  approach  is  continuing 
under  the  leadership  of  Dr.  Robert  Levis,  who 
joined  the  department  this  year  as  a  research  scien- 
tist. Working  with  collaborators  at  the  University 
of  California  at  Berkeley  (including  former  Staff 
Member  Gerry  Rubin),  at  the  Salk  Institute 
(including  former  postdoctoral  fellow  Gary 
Karpen),  and  at  the  Baylor  College  of  Medicine, 
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Fig.  I.  The  Halpern  lab  uses  genetic  approaches  in  the 
zebrafish  to  study  how  signaling  pathways  regulate  the  differ- 
entiation and  patterning  of  the  central  nervous  system.  The 
top  image  shows  a  frontal  view  of  a  zebrafish  embryo,  with 
the  eyes  indicated  by  (e).  The  floating  head  gene  is  expressed 
on  both  sides  of  the  forebrain,  in  the  pineal  organ  (red). 
However,  the  pitx2  gene,  while  expressed  on  both  sides  of 
the  brain  ventrally,  is  only  expressed  on  the  left  side  dorsally 
(arrowhead).  In  the  adult  (bottom  image),  floating  head 
expression  persists  in  the  stalk  of  the  pineal  organ  (arrow- 
head), which  in  a  normal  fish  typically  emerges  from  the 
dorsal  diencephalon  at  left  to  medial  position.  This  work  is 
providing  new  insights  into  the  anatomical  and  functional 
differences  between  the  left  and  right  sides  of  the  brain. 


Levis  expects  to  identify  mutations  that  inactivate 
or  alter  more  than  half  of  the  13,600  estimated 
Drosophila  genes  within  the  next  two  years. 
Additionally,  Staff  Member  Marnie  Halpern's 
group  continues  to  generate  zebrafish  in  which 
groups  of  adjacent  genes  throughout  the  genome 
have  been  deleted.  The  strains  produced  by  both 
the  Drosophila  and  zebrafish  projects  help 
researchers  study  gene  function,  and  they  are  being 
provided  to  public  stock  centers  for  distribution. 
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One  of  the  most  versatile  new  methods  for  discov- 
ering what  genes  do  was  developed  recently  by 
Staff  Member  Andy  Fire  in  collaboration  with 
Dr.  Craig  Mello  of  the  University  of  Massachusetts, 
Amherst.  Their  method  of  "RNA  interference" 
allows  gene  transcripts  to  be  inactivated  within 
individual  cells  or  in  whole  invertebrate  organisms 
following  uptake  of  complementary  double- 
stranded  RNA.  The  discovery  by  Fire  and  postdoc 
Lisa  Timmons  that  a  gene's  activity  can  be  shut 
down  when  worms  simply  ingest  bacteria  contain- 
ing the  appropriate  double-stranded  RNA  has 
made  it  possible  to  use  RNAi  to  functionally 
screen  large  numbers  of  C.  elegans  genes.  Several 
laboratories  and  start-up  companies  are  currently 
racing  to  study  all  of  the  known  Caenorhabditis 
genes  using  this  method.  Several  other  departmen- 
tal members,  including  graduate  student  Kan  Cao 
and  Staff  Member  Yixian  Zheng,  are  using  RNAi 
to  downregulate  specific  Drosophila  genes  in  tissue 
culture  cells.  Another  group,  led  by  Staff  Associate 
Jim  Wilhelm,  is  preparing  to  expand  this  approach 
so  that  the  entire  roster  of  fruit-fly  genes  can  be 
scanned  for  their  effects  on  any  cellular  process  of 
interest.  In  addition  to  its  speed  and  simplicity, 
RNAi  promises  to  allow  experimenters  to  shut  off 
multiple  genes  located  in  different  chromosomes 
simultaneously.  This  has  been  difficult  to  do  using 
traditional  methods  and  greatly  facilitates  the 
discovery  of  gene  interactions  and  pathways. 

The  need  for  detailed  information  on  genome 
structure  and  for  tediously  acquired  mutant  collec- 
tions has  caused  biologists  to  focus  on  a  relatively 
small  number  of  "model"  organisms.  These 
include  flies,  worms,  mice,  zebrafish,  and  yeast. 
One  unfortunate  side  effect  of  this  trend  has  been 
to  discourage  gene-based  research  into  problems 
that  are  better  studied  in  species  lying  outside  this 
narrow  group.  However,  advancing  genomic  tech- 
nology is  now  creating  opportunities  for  gene- 
based  studies  within  nontraditional  organisms. 
Staff  Associate  Alejandro  Sanchez  and  postdoc 
Phil  Newmark  have  taken  the  flatworm  planaria, 
an  organism  that  lacked  modern  genomic 
resources,  and  in  just  three  years  have  generated 
the  tools  needed  for  sophisticated  genetic  studies, 
including  genome-wide  surveys  of  gene  expression. 
Planaria  exhibit  unparalleled  powers  of  regenera- 
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Fig.  2.  This  image  shows  the  use  of  transgenic  technology 
to  track  a  single  cell  lineage  during  development.  In  these 
animals,  C.  elegans,  production  of  a  reporter  protein  (indi- 
cated by  the  blue  color)  is  driven  by  control  signals  from  the 
hlh-8  gene  (normally  expressed  in  a  specific  mesodermal  cell 
lineage,  the  M  lineage).  Members  of  the  Fire  lab  use  animals 
from  this  transgenic  line  to  accurately  assess  the  fate  of  cells 
derived  from  the  M  lineage. 


Fig.  3.  Alejandro  Sanchez  and  Phil  Newmark  study  the  flat- 
worm  Schmidtea  mediterranea.  This  series  shows  what  happens 
to  the  worm  under  feeding  and  starving  conditions.  With 
continuous  feeding  the  planarian  will  grow  and  may  reach 
a  length  of  up  to  20  mm.  Without  food  it  will  "degrow," 
eventually  attaining  a  length  of  less  than  0.5  mm.  Remarkably, 
this  degrowth  does  not  affect  form  or  biological  functions, 
which  shows  the  existence  of  an  exquisite  homeostatic  con- 
trol of  cell  proliferation  and  cell  death.  Identifying  and  charac- 
terizing the  molecular  and  cellular  components  regulating  this 
function  may  help  us  understand  how  differentiation  of  tissues 
is  attained,  maintained,  and  regenerated. 
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tion  that  have  attracted  scientific  interest  for  more 
than  100  years.  Sanchez  and  Newmark  discovered 
that  planarian  genes  can  be  inactivated  using 
RNAi  and  have  used  their  new  tools  to  identify 
candidate  genes  that  seem  to  be  important  for 
regeneration.  Their  work,  along  with  other  ongo- 
ing projects  in  the  department,  continues  the 
Carnegie  Institution's  long  tradition  of  genomic 
studies  and  expands  it  to  encompass  an  ever 
broader  collection  of  organisms  and  phenomena. 

News  of  the  Department 

Our  seminar  program  was  highlighted  by  the  23rd 
annual  minisymposium  entitled  "Meiosis."  Anne 
Villeneuve  (Stanford  University),  Kim  McKim 
(Waksman  Institute,  Rutgers  University),  Michael 
Lichten  (National  Institutes  of  Health),  Patricia 
Hunt  (Case  Western  Reserve  University),  Kelly 
Dawe  (University  of  Georgia),  and  Barry 
Ganetzky  (University  of  Wisconsin)  each 
presented  one-hour  talks. 


Support  of  research  in  the  department  comes  from 
a  wide  variety  of  sources.  Doug  Koshland,  Yixian 
Zheng  and  I,  and  various  members  of  our  labora- 
tories are  employees  of  the  Howard  Hughes 
Medical  Institute.  Others  are  grateful  recipients  of 
individual  grants  from  the  National  Institutes  of 
Health,  the  John  Merck  Fund,  the  G.  Harold  and 
Leila  Y.  Mathers  Charitable  Foundation,  the 
American  Cancer  Society,  the  Cancer  Research 
Fund  of  the  Damon  Runyon-Walter  Winchell 
Foundation,  the  Pew  Scholars  Program,  the 
National  Science  Foundation,  and  the  Helen  Hay 
Whitney  Foundation.  We  remain  indebted  to  the 
Lucille  P.  Markey  Charitable  Trust  for  its  support. 

— Allan  Spradttng 


Members  of  the  Department  of  Embryology,  November  2000.  First  row  (from  left):  Yixian  Zheng,  Phil  Newmark, 
Bill  Kupiec,  Bob  Levis,  Allen  Strause,  Alexi  Tulin,  Dianne  Stewart,  Olivia  Doyle,  Mark  Milutinovich,  Chen-Ming  Fan, 
Andy  Fire,  Hoi  Yeung  Li,  Steve  Tsang,  Ming-Ying  Tsai,  Ben  Remo,  Alejandro  Sanchez  Alvarado,  Heather  Henry, 
Sasha  Tsvetkov,  Tom  McDonaugh.  Second  row:  Allan  Spradling,  Horacio  Frydman,  Andy  Wilde,  Alex  Schreiber,  Josh 
Gamse,  Mike  Sepanski,  Don  Brown,  Terence  Murphy,  Jim  Wilhelm.  Third  row:  Kan  Cao,  Allison  Pinder,  Lijun  Zhang, 
Erika  Matunis,  Marnie  Halpern,  Rachel  Cox,  Toshi  Kai,  Hongjuan  Gao,  Alice  Chen,  Ru  Gunawardane,  Glenese 
Johnson.  Fourth  row:  Pat  Cammon,  Ellen  Cammon,  Ona  Martin,  Chris  Murphy,  Christine  Norman,  Ella  Jackson, 
Sofia  Robb,  Jennifer  Prowell,  Jie  Deng,  Eileen  Hogan,  Hui  Jin,  Chiyoko  Kobayashi,  Daniela  Drummond-Barbosa, 
Audrey  Huang,  Bruce  Hodess,  Rejeanne  Juste,  Nicole  Mozden,  Craig  Garafola,  Sofia  Lizarraga,  Lisa  Timmons,  Judith 
Yanowitz,  Kelly  Liu,  Jamie  Fleenor,  Chris  Wiese,  Liquan  Cai.  Fifth  row:  Hong-Guo  Yu,  Zheng'an  Wu,  Melissa  Pepling, 
Joe  Gall,  Tim  Mical,  Amy  Hennessey,  Sandra  Kneissel,  Shin-ichi  Kawaguchi,  Michelle  Macurak,  Biswajit  Das, 
Rachel  Brewster,  Eleni  Goshu,  Ronald  Roane,  Tavon  Burton. 
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THE  DIRECTOR'S  REPORT: 

Waiting  for  Magellan 


3  or  all  those  involved  with  the  Magellan  tele- 
scopes— project  staff,  instrument  builders,  and 
expectant  users — the  past  year  has  been  the  last 
step  before  the  realization  of  a  long-held  dream. 
For  the  project,  the  year  began  with  the  Magellan 

I  mount  nearing  completion  and  awaiting  the 
arrival  of  optics.  It  ended  with  the  installation  of 
the  primary  mirror  and  first  light  near  at  hand.  By 
July  2000  the  telescope  was  performing  well 
enough  for  the  start  of  regular  scientific  use  to  be 
scheduled  in  early  2001.  Meanwhile,  the  Magellan 

II  enclosure,  after  aggravating  delays  at  the  manu- 
facturer, was  almost  finished,  and  the  mount  was 
being  prepared  for  shipment  to  Chile.  Polishing 
the  Magellan  II  primary  was  proceeding  well  at 
the  Steward  Observatory  Mirror  Lab,  with  com- 
pletion anticipated  for  the  end  of  2000. 

The  suite  of  instruments  for  Magellan  I  continued 
to  progress  as  well.  Fabrication  of  the  mechanical 
subassemblies  for  the  faint-object  camera  and 
spectrograph  IMACS  (the  Inamori  Magellan 
Areal  Camera  and  Spectrograph)  began  in  earnest 
and  the  optics  for  the  long  camera  were  completed 
except  for  coating.  The  high-resolution  spectro- 
graph MIKE  (the  Magellan  Inamori  Kyocera 
Echelle)  progressed  similarly  in  its  mechanical  and 
optical  fabrication.  However,  neither  instrument 
will  be  ready  when  scientific  operations  begin  in 
early  2001;  thus  arrangements  have  been  made  for 
several  interim  instruments.  These  include  the 
B&C  spectrograph  from  the  du  Pont  telescope, 
and  LDSS-2,  an  imaging  spectrograph  formerly  at 


Fig.  I.  This  is  an  image  of  the  IMACS  (Inamori  Magellan  Areal 
Camera  and  Spectrograph)  f/4  "long  camera,"  which  includes 
the  camera  shutter,  filter-changing  mechanism,  and  CCD 
detector  system.  For  clarity,  the  barrel,  which  holds  all  the 
parts  together,  is  not  shown.  (Photo  courtesy  Bruce  Bigelow 
and  the  IMACS  project.) 


the  William  Herschel  telescope,  which  was  made 
available  through  an  agreement  with  the 
University  of  Durham.  The  third  initial  facility 
instrument,  MAGIC  (the  Magellan  Instant 
Camera,  a  CCD  imager  being  constructed  at 
MIT),  was  close  to  schedule  and  should  be 
available  by  early  2001. 

For  the  Carnegie  observers,  the  past  year  has  been 
one  of  anticipation,  of  waiting — with  more  or  less 
patience — for  that  day  when  their  long-formed 
observing  plans  could  at  last  be  accomplished.  It 
has  been  a  long,  long  road,  which  began  in  the 


Left:  This  image  shows  a  700  kiloparsec-wide  simulated  slice  of  the  universe  at  redshift  3. 1 .  It  was  produced  from  the  output  of  a  cosmo- 
logical  hydro-simulation  (courtesy  M.  Steinmetz,  U.  of  Arizona).  The  different  colors  depict  regions  of  different  neutral  hydrogen  density. 
The  green  objects  are  dense  clumps  of  gas  known  as  Lyman-limit  systems;  the  red  centers  in  some  of  them  represent  young  galaxies, 
so-called  Damped  Lyman  alpha  systems.  These  high-density  objects  were  formed  by  collapse  from  a  filamentary  matrix  of  highly  ionized 
gas  (blue)  in  which  they  still  reside.  Generally,  these  various  "phases"  of  matter  are  too  faint  to  be  observed  in  their  own  light.  However, 
they  can  be  easily  studied  in  the  absorption  spectra  of  a  background  light  source,  such  as  a  quasar. 
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early  1980s  with  Steve  Shectman's  scheme  for  an 
innovative,  inexpensive  large  telescope.  Other 
astronomers  elsewhere  accomplished  that  scheme. 
The  telescope  that  Carnegie  eventually  built 
evolved  into  a  more  conventional  and  more  power- 
ful instrument — indeed  into  a  pair  of  them. 

Many  people  and  institutions  have  made  essential 
contributions  to  Magellan.  Without  the  support  of 
Carnegie  administrators,  trustees,  and  benefactors, 
Cerro  Manqui  would  still  be  a  bare  mountaintop. 
Without  the  partnership  of  the  University  of 
Arizona,  the  Magellan  telescopes  would  be  very 
different  instruments,  and  the  worse  for  it. 
Without  Harvard,  MIT,  and  the  University  of 
Michigan,  there  would  only  be  one,  rather  than 
two,  Magellans.  The  Observatories'  scientific  and 
technical  staff  have  worked  single-mindedly  for 
years  to  make  Magellan  a  success.  The  project  has 
been  blessed  by  a  series  of  brilliant  project  man- 
agers: Al  Hiltner,  Peter  de  Jonge,  and  Matt  Johns, 
who  have  built  telescopes  of  exceptional  quality 
with  remarkably  few  resources.  However, 
Magellan  owes  most  to  two  people:  Steve 


Fig.  2.  The  Walter  Baade  telescope  mirror  was  coated  with 
aluminum  for  the  first  time  on  August  7,  2000.  It  has  an 
average  reflectivity  of  90% — an  excellent  achievement.  The 
lifting  fixture  is  shown  above  and  reflecting  in  the  mirror. 


Shectman,  who  as  Magellan  Project  Scientist  has 
labored  longer  and  harder  than  anyone  to  make 
the  dream  of  a  large  Carnegie  telescope  a  reality, 
and  Maxine  Singer,  without  whose  steadfast 
support  Magellan  would  still  only  be  a  dream.    . 
Present  and  future  generations  of  Carnegie 
astronomers  owe  both  a  great  debt  of  gratitude. 

The  long  wait  for  the  completion  of  Magellan  has 
not  been  an  idle  time  for  Carnegie  astronomers. 
The  staff  and  fellows  have  made  extraordinarily 
good  use  of  the  smaller  telescopes  available  to 
them.  Indeed,  statistics  of  scientific  citations  show 
that  both  the  Swope  and  du  Pont  telescopes  have 
been  among  the  most  productive  telescopes  of 
their  size.  Work  of  great  importance  on  the  struc- 
ture of  the  universe,  the  evolution  of  the  chemical 
elements,  and  many  other  problems  is  being  done 
with  these  telescopes.  Carnegie  astronomers  have 
also  made  very  effective  use  of  the  Hubble  Space 
Telescope  in  subjects  including  the  Hubble  con- 
stant, the  evolution  of  galaxies,  and  supermassive 
black  holes,  among  others. 

Nevertheless,  important  and  productive  as  this 
work  has  been,  some  of  it  has  represented  the  next 
best  thing — not  what  the  staff  most  wanted  to 
accomplish,  but  what  could  be  accomplished  with 
less  than  the  largest  telescopes.  Astronomers  are 
always  starved  for  light.  Some  very  important 
problems  can  be  attacked  with  small  telescopes — 
witness  the  above — but  many  of  the  most 
compelling  problems  require  the  largest  possible 
collecting  area.  At  last,  the  wait  for  that  capability 
is  almost  over.  Although  Magellan's  most 
important  work  is  yet  to  be  conceived,  several 
compelling  problems  will  occupy  much  of  the 
time  during  the  first  years,  including  the  history 
of  the  chemical  elements,  the  growth  of  structure 
in  the  universe,  and  the  evolution  of  galaxies. 

The  History  of  the  Chemical  Elements 

All  but  the  few  lightest  of  the  chemical  elements 
are  made  in  stars,  so  the  history  of  the  elements  is 
the  history  of  star  formation.  Stars  of  a  given  age 
sample  the  composition  of  the  galactic  gas  at  the 
time  they  were  born,  and  therefore  tell  us  about 
the  history  of  element  production  up  until  that 


time.  Carnegie  astronomers,  including  George 
Preston,  Andy  McWilliam,  Steve  Shectman,  and 
Ian  Thompson,  have  been  particularly  interested 
in  the  oldest  stars,  whose  compositions  reflect  the 
first  stages  of  star  formation  and  element  produc- 
tion. For  the  past  several  years,  they  have  been 
using  the  du  Pont  telescope  to  assemble  a  sample 
of  galactic  stars  that  are  least  enriched  in  the  heavy 
elements.  The  first  generation  of  stars — which 
must  have  existed  but  are  yet  to  be  discovered — 
was  composed  of  only  the  light  elements,  predom- 
inantly hydrogen  and  helium.  The  least  enriched 
of  the  stars  in  the  du  Pont  sample  are  presumably 
members  of  the  second  generation,  formed  from 
the  material  ejected  from  dying  stars  of  the  first 
generation.  Their  detailed  compositions  can  tell 
us  much  about  the  nature  of  element  production 
in  stars,  and  about  the  birth  of  the  galaxy. 

These  stars  are  not  particularly  faint,  but  analysis 
of  their  chemical  composition  requires  data  of  very 
high  precision  and  high  resolution.  That  requires 
much  light,  more  than  can  be  provided  by  small 
telescopes.  Thus  their  study  must  await  the  com- 
pletion of  MIKE.  It  will  be  even  more  challenging 
to  extend  such  studies  to  other  nearby  galaxies, 
whose  enrichment  histories  are  virtually  unknown. 
The  distant,  much  fainter  stars  in  these  galaxies 
will  tax  even  the  light-gathering  capacity  of 
Magellan.  However,  the  University  of  Michigan 
is  completing  a  fiber-optic  feed  for  MIKE,  which 
will  permit  simultaneous  observations  of  up  to 
100  stars  within  the  30-arc-minute  field  of  the 
Magellan  Nasmyth  focus.  Simultaneous  observa- 
tions of  many  stars  allow  one  the  luxury  of  much 
longer  exposure  times,  extending  the  reach  of 
Magellan  and  MIKE  to  much  fainter  objects. 

The  Formation  of  Structure  in  the 
Universe 

The  growth  of  structure  in  the  universe  is  a 
central  theme  of  contemporary  astronomy  and 
astrophysics.  At  very  early  times  the  contents  of 
the  universe  were  entirely  gas,  and  the  growth  of 
inhomogeneities  in  the  gas  represents  the  earliest 
phase  of  the  evolution  that  eventually  led  to  the 
formation  of  stars  and  galaxies.  This  gas  can  only 
be  detected  by  the  absorption  that  it  produces  in 
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Fig.  3.  Observations  of  the  very  distant  universe,  seen  here  in 
this  image  of  the  Hubble  Deep  Field,  provide  a  window  onto 
the  epoch  of  galaxy  formation.  Because  the  light  from  galaxies 
born  long  ago  is  just  now  reaching  Earth,  astronomers  can 
glimpse  into  the  very  early  universe. 

O 

the  light  of  distant  quasars.  The  observational 
task  is  very  similar  to  that  involved  in  studying 
the  chemical  composition  of  stars:  very  detailed 
spectroscopy  of  faint  starlike  objects  using  the 
instrumental  combination  of  Magellan  and 
MIKE.  Carnegie  astronomers,  including  Ray 
Weymann,  Michael  Rauch,  and  Jason  Prochaska, 
will  be  using  MIKE  to  trace  the  growth  of  struc- 
ture in  the  primordial  gas,  and  to  follow  the 
buildup  of  the  abundance  of  heavy  elements 
after  the  first  stars  form. 
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The  next  stage  in  cosmic  evolution — the  assembly 
of  galaxies  out  of  the  clumps  of  gas  and  stars  that 
formed  in  the  early  universe — is  the  single  greatest 
preoccupation  of  astronomy  today.  It  is  generally 
accepted  that  galaxies  were  built  by  a  hierarchical 
process  in  which  small  lumps  merged  into  ever 
larger  lumps;  a  process  that  is  only  nearing  com- 
pletion now.  Demonstrating  the  correctness  of  this 
picture,  and  elucidating  the  details — how  lumps 
merge  and  how  the  initially  gaseous  lumps  evolve 
into  predominantly  stellar  systems — is  a  daunting 
task.  Much  of  the  action  occurred  at  early  epochs; 
the  initial  fragments  are  intrinsically  faint  and  very 
distant.  Critical  details  are  beyond  the  reach  of 
even  Magellan-class  telescopes,  and  await  the  next 
generation  of  giant  telescopes  now  being  dreamt 
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Fig.  4.  The  domes  for  Magellan  I  (foreground)  and  Magellan  II 
(background,  under  construction)  stand  atop  Cerro  Manqui 
at  Las  Campanas  Observatory  in  Chile  in  April  2000. 


of.  However,  IMACS  will  bring  much  of  the 
process  within  the  reach  of  Magellan.  Alan 
Dressier,  Eric  Persson,  Pat  McCarthy,  Francois 
Schweizer,  and  a  host  of  Observatories  postdocs 
will  be  following  various  pieces  of  this  history, 
from  the  formation  of  the  first  protogalactic  sys- 
tems to  the  most  recent  evolutionary  changes. 


justice,  that  Baade  was  second  only  to  Edwin 
Hubble  in  his  importance  to  20th  century 
astronomy.  Baade  published  sparingly  during  his 
relatively  brief  career,  but  the  influence  of  his  work 
and  ideas  permeates  the  science  today.  Much  of  our 
current  understanding  about  cosmic  evolution  is 
grounded  in  Baade's  work  on  stellar  populations. 
He  made  fundamental  contributions  to  topics  as 
diverse  as  the  cosmic  distance  scale,  asteroids,  and 
radio  galaxies.  In  the  1930s,  decades  in  advance  of 
the  discovery  of  pulsars,  he  and  Fritz  Zwicky  cor- 
rectly inferred  that  supernovae  were  caused  by  the 
collapse  of  evolved  stars  to  form  neutron  stars,  and 
Baade  continued  to  lead  the  study  of  supernovae 
and  supernova  remnants  until  the  end  of  his  life. 
The  Observatories  have  had  many  great 
astronomers  on  their  staff;  Baade  must  be  placed 
near  the  top  of  that  very  distinguished  list. 

— Augustus  Oetnler,  Jr., 
Crawford  H.  Greenewalt  Director 


The  Magellan  telescopes  have  now  acquired  more 
suitable  names  than  numbers  I  and  II.  The  second 
Magellan  telescope  will  be  named  in  honor  of  Mr. 
Landon  Clay,  a  generous  friend  of  the  Harvard 
College  Observatory.  Mr.  Clay's  support  has  been 
essential  to  Harvard's  participation  in  Magellan, 
without  which  the  second  telescope  would  not 
have  been  possible.  The  first  Magellan  telescope 
will  be  named  in  honor  of  Carnegie  astronomer 
Walter  Baade.  It  has  been  said,  with  considerable 
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Fig.  5.  Members  of  the  Observatories.  First  row  (from  left):  Earl  Harris,  Jennifer  Wilson,  Dan  Kelson,  Andy 
McWilliam,  Wendy  Freedman,  Ken  Clardy,  Pilar  Ramirez,  Greg  Ortiz,  Robert  Storts.  Second  row:  Judy  Rosenau, 
Hsiao-Wen  Chen,  Linda  Schweizer,  Swara  Ravindranath,  Augustus  Oemler,  Bronagh  Glaser,  Estuardo  Vasquez, 
Barry  Madore,  Brian  Sutin,  Christoph  Birk,  Cristina  Popescu,  Tyson  Hare,  Darrell  Gilliam,  Steve  Shectman, 
Alan  Bagish.  Third  row:  Rebecca  Bernstein,  Francois  Schweizer,  Sharon  Kelly,  Jeanette  Stone,  Karen  Gross,  Joe  Vigil, 
Matt  Johns,  Greg  Burley,  Richard  Surnock,  Doug  Burns.  Fourth  row:  Bruce  Bigelow,  Paul  Collison,  Michael  Rauch, 
Paul  Martini,  Jason  Prochaska,  Steve  Hedberg,  Ian  Thompson,  Steve  Wilson,  Scott  Chapman,  John  Grula,  Scott  Rubel, 
Joe  Asa,  Vince  Kowal. 
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THE  DIRECTOR'S  REPORT: 

Extending  Our  Senses 


"Not  only  do  we  use  instruments  to  give  us  fineness  of  detail  inac- 
cessible TO  DIRECT  SENSE  PERCEPTION,  BUT  WE  ALSO  USE  THEM  TO  EXTEND 
QUALITATIVELY  THE  RANGE  OF  OUR  SENSES  INTO  REGIONS  WHERE  OUR  SENSES 
NO  LONGER  OPERATE. . .  MORE  THAN  THIS,  WE  USE  INSTRUMENTS  TO  MAKE 
OURSELVES  AWARE  OF  THE  EXISTENCE  OF  PHENOMENA  TO  WHICH  OUR  SENSES 
ARE  TOTALLY  UNRESPONSIVE." 

P.  W.  Bridgman 


Qtate-of-the-art  instrumentation  is  the  lifeblood 
of  all  branches  of  experimental  science.  As  Nobel 
laureate  and  high-pressure-physics  pioneer  Percy 
Bridgman  noted,  scientific  instruments  extend  our 
natural  perceptions  and  expose  new  realms  of  phe- 
nomena. Astronomers  resort  to  ingenious  devices 
to  sharpen  images  of  the  heavens  and  to  recover 
the  motions  of  stars,  planets,  and  galaxies  from 
extremely  subtle  shifts  in  the  spectra  of  light. 
Geochemists  and  cosmochemists  subject  ever 
smaller  samples  to  a  barrage  of  chemical,  mechani- 
cal, and  physical  separation  processes  to  discern 
tiny  differences  in  chemical  or  isotopic  composi- 
tion that  can  be  diagnostic  of  ancient  volcanic 
upheavals  and  even  the  birth  of  our  solar  system. 
Geophysicists  are  learning  to  read  from  small 
changes  in  the  straining  of  the  Earth's  crust  the 
nature  of  slippage  at  fault  zones  and  the  motion  of 
magma  at  depth  that  heralds  a  volcanic  eruption. 
Theoreticians  are  experimenting  with  new  meth- 
ods for  linking  computers  to  improve  steadily  the 


ability  of  numerical  calculations  to  simulate  and 
test  ideas  for  the  behavior  of  complex  processes. 

The  Department  of  Terrestrial  Magnetism 
(DTM)  has,  since  its  inception,  placed  a  high  pri- 
ority on  the  development  of  scientific  instrumen- 
tation and  on  the  pioneering  use  of  new  analytical 
capabilities  to  explore  physical  phenomena.  This 
emphasis  has  led  to  a  process  of  continuing 
renewal  of  our  laboratories  and  our  arsenal  of  field 
equipment.  Where  the  necessary  instrumentation 
has  been  developed  in  the  commercial  sector, 
equipment  purchases  make  economic  sense,  but 
maintaining  our  research  infrastructure  at  the  edge 
of  the  scientific  frontier  requires  a  sustained  com- 
mitment of  resources  to  such  investments.  Where 
there  is  a  need  for  instrumentation  not  sold  by 
any  vendor,  or  where  innovations  in  design  and 


Bridgman,  P.  W„  The  Way  Things  Are,  Viking  Press,  New  York,  1 959. 


Left:  This  montage  illustrates  the  use  of  scientific  instrumentation  in  the  field  and  the  laboratory  by  DTM  staff.  Top  left:  Mass  spectrometry 
laboratory  manager  Timothy  Mock  at  work  on  the  Plasma  54  inductively  coupled  plasma  mass  spectrometer.  Top  right:  Seismic  field 
technician  Peter  Burkett  (right)  with  Beat  Rinderknecht  (ETH,  Zurich)  installing  solar  panels  for  a  broadband  seismic  station  on  Graciosa, 
Azores,  part  of  a  network  that  will  be  used  to  study  the  upper  mantle  structure  beneath  the  Azores  platform  and  hotspot.  Bottom: 
Ben  Pandit,  Alan  Linde,  Eiichiro  Araki  (Ocean  Research  Institute,  University  of  Tokyo),  Masanao  Shinohara  (Earthquake  Research  Institute, 
University  of  Tokyo),  Kiyoshi  Suyehiro  (Japan  Marine  Science  and  Technology  Center),  Nelson  McWhorter,  and  Selwyn  Sacks  on  the 
international  drilling  vessel  Resolution  prior  to  installing  geophysical  instrumentation  in  a  drill  hole  that  penetrates  more  than  I  km  beneath 
the  seafloor  east  of  Tohoku,  japan. 
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construction  can  yield  capabilities  equivalent  to 
a  commercial  product  at  a  substantial  savings, 
departmental  personnel  in  our  machine  and  elec- 
tronic shops  and  our  computer  systems  group 
constitute  a  critical  resource. 

A  few  examples  of  ongoing  and  completed 
research  from  the  past  year  illustrate  both  our 
dependence  on  advanced  instrumentation  for 
much  of  our  work  and  the  process  of  selecting 
the  most  promising  opportunities  for  renewing 
that  instrumentation  as  an  essential  step  toward 
scientific  progress. 

Jupiter-Mass  Planets 

Our  newest  member  of  the  Research  Staff,  Paul 
Butler,  specializes  in  the  discovery  and  characteri- 
zation of  planets  orbiting  nearby  stars.  One  of  the 
world's  foremost  experts  in  the  measurement  of 
the  velocity  of  such  stars  as  they  orbit  the  center  of 
mass  of  their  star-planet  system,  Butler  described 
his  team's  discovery  of  the  first  confirmed  multi- 
ple-planet system  around  a  normal  star  in  Year 
Book  98/99  (pp.  110-112).  Prior  to  coming  to 
DTM,  Butler  was  on  the  staff  of  the  Anglo- 
Australian  Observatory,  where  he  initiated  a 
planet  search  in  the  southern  sky  on  their  4-m 
telescope.  The  orbits  of  four  of  the  most  recent 
findings  from  that  search  are  shown  in  Fig.  1, 
superimposed  for  scale  on  a  view  of  the  orbits  of 
the  inner  planets  of  our  solar  system.  The  object 
with  the  smallest  orbital  dimension  is  about  one 
Jupiter  mass  in  a  three-day  orbit  around  HD 
179949;  this  planet  is  a  member  of  a  group  of 
objects  now  colloquially  termed  "hot  Jupiters." 
The  object  labeled  "|i  Ara,"  at  least  two  Jupiter 
masses  and  in  an  elongated  elliptical  orbit  with  a 
semimajor  axis  greater  than  that  of  Mars,  typifies 
the  most  common  type  of  planet  found  to  date. 
The  object  labeled  "e  Ret  (Reticulum),"  at  slightly 
more  than  one  Jupiter  mass,  is  the  first  planet 
found  at  more  than  20%  of  the  Earth-Sun  distance 
(0.2  AU,  or  Astronomical  Units)  from  its  star  in  a 
circular  orbit  much  like  the  orbit  of  the  Earth.  The 
fourth  object,  in  orbit  around  HD  164427,  is  not  a 
planet  but  is  thought  to  be  either  a  low-mass  star 
or  a  high- mass  brown  dwarf. 


The  list  of  extrasolar  planets,  at  54  as  of  15  January 
2001,  is  lengthening  rapidly,  but  those  reported  in 
the  northern  sky  to  date  outpace  those  from  the 
Southern  Hemisphere.  To  correct  this  imbalance, 
Butler  is  presently  teaming  with  Observatories 
Staff  Member  Stephen  Shectman  to  build  a 
spectrometer  customized  for  "planet  hunting"  with 
Carnegie's  6.5-m  Magellan  telescopes.  The  instru- 
ment is  a  cross-dispersed  Echelle  spectrometer 
that  records  in  a  single  exposure  the  entire  spec- 
trum of  a  star  at  extremely  high  spectral  resolution. 
With  this  spectrometer,  Butler  and  Shectman  plan 
to  complete  an  all-sky  survey  of  late  F  through  K 
dwarf  stars  out  to  50  parsecs  and  of  M  dwarfs  out 
to  15  parsecs  at  a  precision  in  radial  velocity  of  2 
to  3  m/s.  Such  a  precision,  comparable  to  or  some- 
what better  than  the  precision  currently  achieved 
by  Butler's  team  with  general-purpose  spectrome- 
ters on  other  large  telescopes,  is  needed  to  detect 
objects  of  Jupiter  or  Saturn  mass  orbiting  their 
parent  star  beyond  4  AU.  One  of  the  high-priority 
goals  of  Butler  and  his  colleagues  is  to  find  planets 
similar  in  mass  and  orbit  to  Jupiter,  in  a  circular 
orbit  of  12-year  period  and  5-AU  semimajor  axis, 


Fig.  I.  The  orbital  characteristics  (in  red)  of  four  extrasolar 
objects  recently  discovered  by  Paul  Butler  and  his  collabora- 
tors can  be  compared  at  the  same  scale  with  the  orbits  of 
the  four  inner  planets  of  the  solar  system  (in  yellow). 
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because  planetary  systems  with  such  objects  may 
hold  the  greatest  promise  for  also  containing 
Earth-mass  planets  at  stellar  distances  near  1  AU. 

The  formation  of  Jupiter-mass  planets  in  our 
solar  system  and  around  other  stars  is  one  of  the 
primary  current  research  interests  of  theoretician 
Alan  Boss.  In  particular,  he  is  exploring  the 
hypothesis  that  such  gas-giant  planets  form  from 
instabilities  in  the  disk  surrounding  young  stellar 
objects.  The  standard  view  of  the  formation  of 
Jupiter  and  Saturn  is  that  both  formed  by  the 
accretion  of  solid  ice  and  rock  to  form  a  "core"  of 
several  Earth  masses,  which  then  accreted  nebular 
gas  by  gravitational  attraction.  One  problem  with 
this  scenario,  however,  is  that  the  accretion  time 
for  the  ice-rock  core,  •according  to  most  models, 
is  longer  than  the  lifetime  of  nebular  gas  around 
a  solar-mass  star  (a  few  million  years).  Under  the 
instability  mechanism,  a  nebular  disk  of  gas  and 
dust  breaks  up  into  clumps,  some  of  which  can 
contract  and  grow  into  giant  gaseous  protoplanets 
on  a  much  shorter  timescale.  Testing  this  hypoth- 
esis for  the  formation  of  Jupiter-mass  planets 
requires  considerable  computing  power.  To  oper- 
ate his  three-dimensional  hydrodynamic  codes, 
Boss  utilizes  a  network  of  64-bit,  dual  Alpha 
processors  integrated  into  the  "Carnegie  Alpha 
Cluster."  The  cluster  provides  both  computational 
speed  and  flexibility,  at  a  cost  much  less  than  that 
of  a  supercomputer.  Developed  with  the  assistance 
of  Research  Scientist  Gotthard  Saghi-Szabo  of  the 
Geophysical  Laboratory,  the  cluster  presently 
consists  of  eight  dual-node  machines  and  about 
10  older  processors,  but  expansion  is  envisioned 
as  resources  allow.  An  illustrative  example  of  a 
disk  instability  capable  of  leading  to  a  Jupiter-mass 
planet  is  shown  in  Fig.  2. 

Clues  to  the  Early  Solar  System 

Isotope  geochemistry  and  cosmochemistry,  long 
mainstays  of  the  research  expertise  at  DTM, 
require  increasingly  sophisticated  instrumentation. 
In  1997  and  1999,  the  department  acquired  two 
multiple-collector  inductively  coupled  plasma  mass 
spectrometer  (MC-ICP-MS)  instruments.  These 
devices,  which  utilize  a  hot  plasma  to  efficiently 
ionize  a  sample  prior  to  mass  spectrometry,  have 


opened  new  avenues  for  investigating  Earth  and 
solar  system  processes  with  high-precision  isotope 
ratio  analysis.  One  field  of  inquiry  that  has  bene- 
fited from  this  capability  is  the  early  chronology  of 
planets  and  meteorite  parent  bodies.  An  example 
of  this  advance  is  new  work  conducted  by  Richard 
Carlson  and  Erik  Hauri  on  the  silver  isotopic 
composition  of  meteorites.  Palladium  has  a  com- 
paratively short-lived  isotope  (1(l7Pd)  that  decays  to 
an  isotope  of  silver  (107Ag)  with  a  half-life  of  6.5 
million  years.  About  20  years  ago  workers  at  the 
California  Institute  of  Technology  demonstrated 
with  thermal  ionization  mass  spectrometry 
(TIMS)  that  there  is  excess  107Ag  in  certain  iron 
meteorites  with  high  ratios  of  Pd  to  Ag.  Because 
silver  has  only  two  isotopes,  however,  TIMS 
cannot  distinguish  instrument-induced  from 
natural  mass  fractionation,  with  the  result  that  the 
Ag  isotopic  composition  can  be  determined  only 
to  a  precision  of  about  one  part  in  1,000,  limiting 
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Fig.  2.  Instability  in  a  nebular  disk  as  low  in  mass  as  1 0%  of  a 
solar  mass  may  lead  to  the  formation  of  Jupiter-mass  planets, 
according  to  computer  models  of  Alan  Boss.  The  inner 
region  of  one  such  model,  40  AU  in  diameter  and  374  years 
after  the  start  of  nebular  evolution,  displays  dense  spiral 
arms  (purple)  and  low-density  inter-arm  regions  (black).  The 
feature  of  highest  density,  the  small  light  clump  in  the  upper 
center  of  the  figure,  is  likely  to  contract  toward  planetary 
densities  and  to  become  a  gas-giant  protoplanet. 
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the  applicability  of  the  method  to  high  Pd/Ag 
materials.  Carlson  and  Hauri  used  a  "spike"  of  Pd 
to  correct  for  instrumental  mass  fractionation  in 
the  MC-ICP-MS  and,  as  a  result,  have  improved 
the  precision  in  Ag-isotope  determination  by  an 
order  of  magnitude  and  have  demonstrated  varia- 
tions in  isotopic  composition  that  would  not  be 
resolvable  with  earlier  techniques  (Fig.  3).  Their 
work  opens  up  the  possibility  of  applying  the 
Pd-Ag  chronometer  to  a  much  wider  range  of 
meteorites  than  has  heretofore  been  possible. 

Another  example  of  modern  instrumentation  that 
enables  powerful  insights  into  geochemical  and 
cosmochemical  processes  is  the  ion  microprobe,  a 
mass  spectrometer  that  accepts  ions  ejected  from 
the  surface  of  a  solid  sample  by  the  sputtering 
action  of  an  incident  ion  beam.  The  DTM  ion 
probe,  which  has  been  operating  since  1996,  can 
measure  and  image  the  chemical  and  isotopic 
composition  of  solid  materials  down  to  spatial 
scales  as  small  as  1  micrometer  and  detection  lim- 


Fig.  3.  A  correlation  of  the  silver  isotope  ratio  (expressed  in 
parts  per  1 0,000  difference  from  a  standard)  with  the  Pd/Ag 
ratio  for  sulfide  and  metal  separates  from  the  Canyon  Diablo 
iron  meteorite  supports  the  inference  by  Richard  Carlson 
and  Erik  Hauri  that  variations  in  l07Ag/l08Ag  were  produced  by 
the  decay  of  now-extinct  l07Pd.  A  best-fit  line  through  the 
data  obtained  with  the  MC-ICP-MS  (solid  circles)  provides  an 
estimate  for  the  ratio  of  l07Pd  to  the  stable  isotope  l08Pd  at 
the  time  the  meteorite  formed.  The  open  circle  shows  the 
much  poorer  precision  of  earlier  TIMS  data. 


its  of  parts  per  billion.  An  important  application  of 
the  ion  probe  is  the  detection  and  isotopic  charac- 
terization of  presolar  grains  in  meteorites  (see  Year 
Book  95,  pp.  57-64).  These  grains  formed  around 
stars  at  the  end  of  their  lifetimes  (e.g.,  supernovae 
and  red  giant  stars).  One  of  several  types  of  grains 
identified  to  date  is  silicon  carbide  (SiC).  Analysis 
of  SiC  grains  has  revealed  a  great  range  of  isotopic 
compositions.  This  information  has  enabled  Conel 
Alexander  and  Larry  Nittler  to  infer  details  of  the 
nucleosynthesis  that  occurred  in  the  parent  stars  of 
the  grains  as  well  as  the  isotopic  evolution  of  stel- 
lar material  in  this  region  of  the  galaxy.  A  repre- 
sentative data  set  is  shown  in  Fig.  4.  The  silicon 
isotopes  form  an  array  with  a  slope  different  from 
that  expected  for  nucleosynthesis  and  vigorous 
convective  overturn  in  the  parent  stars  (the  line 
labeled  "to  He-shell").  The  slope  is  similar  to  that 
predicted,  however,  by  models  of  galactic  evolu- 
tion. By  such  a  model,  the  grains  in  the  solar  neb- 
ula came  from  many  stars  of  different  ages,  with 
the  youngest  stars  contributing  the  grains  with  the 
highest  amounts  of  the  two  silicon  isotopes  shown. 
If  this  hypothesis  is  correct,  then  other  elements 
should  show  isotopic  variations  consistent  with 
galactic  evolution.  The  titanium  isotopes  depicted 
in  Fig.  4  largely  bear  out  this  prediction. 

DTM  geochemists  are  also  hard  at  work  on  the 
next  generation  of  instruments  for  high-precision 
isotopic  microanalysis.  Following  departmental 
tradition,  efforts  are  under  way  to  design  and  con- 
struct a  large-format  mass  spectrometer  capable 
of  providing  high  ion  transmission  at  high  mass 
resolution.  One  of  the  enabling  acquisitions  for 
this  ambitious  endeavor  was  a  large  magnet 
(1-m  radius  of  curvature)  obtained  at  no  cost 
from  the  University  of  Pennsylvania  after  the 
decommissioning  of  their  accelerator  mass 
spectrometer  (a  facility  often  used  in  the  past  by 
DTM  geochemists  to  analyze  10Be  in  island-arc 
volcanic  lavas).  Louis  Brown,  Erik  Hauri,  and 
their  colleagues  are  now  developing  a  double- 
focusing  multicollector  mass  spectrometer  that 
utilizes  this  magnet.  This  mass  spectrometer  will 
be  designed  to  accept  sputtered  ions  from  the 
transfer  optics  of  our  existing  ion  probe,  effectively 
converting  our  present  probe  to  two  instruments 
with  the  same  ion  source.  Because  most  parts  for 
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Fig.  4.  The  variation  of  silicon  isotopic  compositions  of 
300  presolar  SiC  grains  from  the  Murchison  meteorite  is 
explained  by  Conel  Alexander  and  Larry  Nittler  as  the  result 
of  variable  compositions  of  the  outer  envelopes  of  the  parent 
stars  of  the  grains  (left).  Isotopic  composition  is  expressed 
as  the  deviation,  in  parts  per  thousand,  of  the  ratio  of  the 
indicated  isotope  to  28Si  relative  to  a  standard.  The  titanium 
isotopic  compositions  for  four  grains  (identified  by  color- 
coding  in  the  two  plots)  and  their  variation  with  silicon 
isotopic  compositions  are  broadly  consistent  with  galactic 
evolution  of  stellar  material  (right). 


the  new  mass  spectrometer  will  be  fabricated  in- 
house,  the  new  large-radius  instrument  will  be 
completed  at  approximately  10%  of  the  cost  of 
purchasing  a  similar  commercial  ion  probe.  The 
improved  sensitivity  of  this  instrument  will  permit 
isotopic  measurements  at  the  1-micrometer  scale 
for  a  wide  variety  of  elements  present  at  only 
trace  levels. 

Earth  Structure  and  Strain 

The  department's  research  efforts  in  seismology 
(see  Year  Book  96/97,  pp.  55-61)  depend  heavily 
on  field  instrumentation.  Much  of  our  work  on 
the  detailed  seismic  structure  of  the  Earth's  mantle 
and  its  relationship  to  patterns  of  mantle  convec- 
tion and  variations  in  mantle  bulk  composition  has 
relied  on  data  collected  by  our  portable  broadband 
seismometers.  The  department  now  operates  25 
such  portable  instruments,  a  number  sufficient  to 
operate  two  or  three  small  experiments  in  parallel 
or  to  leverage,  with  additional  instruments  from 
other  institutions  or  the  national  seismometer 
pool,  an  ambitious  large  experiment.  An  example 
of  the  latter  was  the  Southern  Africa  Seismic 


Experiment,  which  involved  the  deployment  of 
55  portable  broadband  instruments  (including  21 
from  DTM)  across  southern  Africa  from  April 
1997  to  July  1999.  David  James  and  his  colleagues 
inverted  the  relative  arrival  times  of  seismic  body 
waves  from  distant  earthquakes  to  recover  the 
three-dimensional  structure  of  the  upper  mantle 
beneath  the  region  (Fig.  5).  The  seismic  velocity 
image  shows  that  high -velocity  roots  of  the  most 
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Fig.  5.  The  relative  arrival  times  of  P-waves  from  distant 
earthquakes  have  been  inverted  by  David  James  and  col- 
leagues to  determine  the  three-dimensional  structure  of 
the  upper  mantle  beneath  the  ancient  continental  core  of 
southern  Africa.  Velocity  variations  in  map  view  at  1 50  km 
depth  (top)  and  in  cross  section  along  profile  B-B'  (bottom) 
are  color-scaled;  the  colors  grade  to  black  in  regions  where 
resolution  is  poor.  The  dashed  lines  in  the  top  figure  outline 
geological  provinces;  surface  topography  in  the  cross  section 
is  exaggerated  by  a  factor  of  20. 
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ancient  continental  crust  extend  to  at  least  250-km 
depth,  consistent  with  relatively  low  temperatures 
and  depletion  by  removal  of  partial  melt.  DTM 
geochemists  have  shown  that  mantle  xenoliths 
torn  from  these  continental  roots  during  volcanic 
eruptions  are  as  ancient  as  the  overlying  crust 
(see  Year  Book  93,  pp.  109-117),  indicating  that 
formation  of  the  earliest  continents  involved 
stabilization  of  the  mantle  root  at  approximately 
the  same  time  as  crustal  emplacement.  As  the 
geophysical  and  geochemical  observations  from 
southern  Africa  continue  to  be  integrated,  DTM's 
portable  broadband  seismometers  are  not  idle.  The 
instruments  are  currently  deployed  as  part  of  three 
smaller  experiments  to  image  the  upper  mantle 
beneath  the  Galapagos  and  Azores  hotspots  and 
the  Mid-Continent  Rift  of  North  America. 

A  parallel  research  thrust  in  seismology  is  the 
measurement  of  crustal  strain  as  a  tool  to  under- 
stand the  dynamics  of  major  fault  zones  and  the 
motion  of  magma  at  depth  in  volcanic  regions. 
Permanent  networks  of  DTM  strainmeters  in 
California,  Japan,  and  Iceland  continue  to  provide 
data  on  crustal  deformation  not  obtainable  by 
other  means.  A  particularly  noteworthy  example 
occurred  during  the  past  year.  In  January  1991,  the 
network  of  strainmeters  in  Iceland  recorded  signals 
preceding  and  accompanying  the  eruption  of  the 
Hekla  volcano.  None  of  the  data  were  recorded 
digitally,  however,  and  considerable  analysis  by 
Alan  Linde  and  his  coworkers  was  required  to 
demonstrate  that  the  signals  corresponded  to  what 
might  be  expected  during  a  volcanic  eruption  from 
a  subsurface  magma  chamber  (see  Year  Book  92, 
p.  129).  Subsequent  to  that  work,  the  system  was 
upgraded  so  that  strainmeter  data  are  immediately 
telemetered  to  a  computer  net.  In  February  2000, 
increased  seismicity  and  a  pattern  of  strain 
remarkably  similar  to  that  during  the  1991  erup- 
tion (Fig.  6)  permitted  colleagues  at  the  Icelandic 
Meteorological  Office  to  issue  a  prediction  of 
volcanic  activity  20  minutes  in  advance  of  the 
surface  eruption. 

Encouraged  by  the  findings  in  Iceland,  DTM 
strainmeters  were  installed  this  past  year  in  Long 
Valley,  California,  and  on  Mauna  Loa,  Hawaii, 


and  there  are  plans  to  instrument  additional  active 
volcanoes.  Further  installations  aimed  toward 
understanding  the  dynamics  of  plate  boundary 
zones  are  progressing  as  well.  In  July  and  August 
of  1999  two  strainmeters  of  a  new  design  were 
deployed  by  Selwyn  Sacks,  Alan  Linde,  and  others 
in  deep-sea  drill  holes  about  80  km  landward  of 
the  Japan  Trench.  Together  with  the  University  of 
California  at  Berkeley  and  San  Diego  and  the 
United  States  Geological  Survey,  DTM  is  also  in 
the  process  of  installing  strainmeters  co-sited  with 
seismometers  and  Global  Positioning  Satellite 
receivers  at  a  number  of  locations  along  the  north- 
ern San  Andreas  and  Hayward  faults  in  the  San 
Francisco  Bay  area.  This  network  will  serve  as  a 
pilot  experiment  for  the  much  more  ambitious 
Plate  Boundary  Observatory,  a  large  network  of 
the  same  types  of  instruments  spanning  much  of 
western  North  America,  now  in  the  planning  stage 
at  the  National  Science  Foundation. 

These  examples  serve  well  to  underscore  the 
essential  role  of  modern  scientific  instruments 
for  almost  all  of  the  research  carried  out  in  the 
department  as  well  as  the  remarkable  diversity  of 
processes  that  we  are  permitted  to  witness  by  their 
creative  use.  By  means  of  instrumentation  we  can 
now  discern  the  motions  of  planets  around  other 
stars,  detect  material  from  other  stars  that  has 
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Fig.  6.  Records  of  the  rate  of  change  of  volumetric  strain  at 
a  DTM  strainmeter  in  Iceland  are  nearly  identical  for  the 
period  prior  to  and  during  the  eruptions  of  the  Hekla  vol- 
cano in  1991  and  2000.  The  similarity  in  traces,  as  well  as 
other  geophysical  data,  permitted  a  near-term  prediction  of 
the  2000  eruption  by  the  Icelandic  Meteorological  Office. 
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been  incorporated  into  our  solar  system,  clock  the 
growth  of  the  first  planetesimals  in  the  solar  neb- 
ula, test  ideas  for  the  formation  of  planets,  glimpse 
the  origin  of  the  continents,  and  sense  in  real  time 
the  movement  of  magma  at  depth  and  the  grind- 
ing motions  of  tectonic  plates  at  fault  zones. 
The  validity  of  Bridgman's  thesis  that  scientific 
instruments  extend  mankind's  senses  is  amply 
demonstrated  at  the  Department  of  Terrestrial 
Magnetism. 

— Sean  C.  Solomon 
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M.  Fall,  F.  Schweizer,  and  B.  W.  Miller,  The  lumi- 
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May  2000,  board  of  trustees:  First  row  (from  left):  Michael  Gellert,  Tom  Urban  (chairman),  Maxine  Singer  (president) 
Suzanne  Nora  Johnson,  David  Swensen.  Second  row:  Sandra  Faber,  Sidney  J.  Weinberg,  Jr.,  Tom  Cori,  Burton 
McMurtry,  Philip  Abelson,  Gary  Ernst.  Third  row:  John  Diebold,  Bruce  Ferguson,  David  Greenewalt  (secretary), 
Robert  Goelet,  Jaylee  Mead,  John  Crawford,  Christopher  Stone,  James  Ebert,  William  Rutter,  Frank  Press. 
Not  pictured:  Euan  Baird,  Daniel  Belin,  William  Coleman,  Jr.,  William  Golden,  William  Hearst  III,  Kazuo  Inamori, 
Gerald  Laubach,  Steven  McKnight,  John  Macomber,  Richard  Meserve,  William  I.  M.  Turner,  Jr.  (vice-chairman). 
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Public  Forums  on  the  Meaning  of  Science 

In  spring  2000,  the  administration  building  was 
the  site  of  the  newly  initiated  lecture  series, 
"Reflections  on  Science:  Public  Forums  on  the 
Meaning  of  Science."  Sponsored  by  the  Carnegie 
Institution  of  Washington  and  Virginia  Tech's 
Science  and  Technology  Studies  Program,  these 
free  public  forums  sought  to  encourage  discussion 
between  the  audience  and  the  presenters. 
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February  8, 2000  The  Challenge  of  Human  Genetic 
Testing,  with  Doris  Zallen  and  Maxine  Singer 

March  7,  2000  Technology  and  Discovery  in 
Astronomy,  with  Joe  Pitt  and  Alan  Boss 

April  4, 2000  On  the  Origins  of  Life,  with  Bob 
Hazen  and  Chris  Cosans 


Publications  of  the  President 

Singer,  Maxine  F.,  Enhancing  the  postdoctoral  experience,  Issues  in  Science  I  7,  43,  2000. 
Singer,  Maxine  F„  Enhancing  the  U.S.  postdoctoral  experience,  Science  289,  2047,  2000. 
Singer,  Maxine  F.,  Shaping  the  future  for  women  in  science,  ASCB  Newsletter  23,  I  5,  2000. 


The  Capital  Science  Lectures  are  sponsored  by  the  institution  with  substantial  support  from 
Baxter  International,  Inc.,  Human  Genome  Sciences,  Inc.,  and  the  Johnson  &  Johnson  Family 
of  Companies.  The  lectures — free  and  open  to  the  public — are  held  in  the  Root  Auditorium  at 
Carnegie's  headquarters  at  16th  and  P  Streets  in  northwest  Washington,  D.C.  Speakers  also  meet 
informally  with  groups  of  high  school  students.  During  the  1999-2000  year,  the  following  lectures 
were  given: 


CAPITAL  SCIENCE  LECTURES-TENTH  SEASON 


Exploring  the  Minded  Brain,  by  Antonio  R.  Damasio  (College  of  Medicine,  Department  of 
Neurology,  University  of  Iowa),  October  19,  1999 

Landmark  Images  from  the  Hubble  Telescope:  Magic  and  Meaning,  by  Sandra  M.  Faber  (Lick 
Observatory,  University  of  California,  Santa  Cruz),  November  16,  1999 

Genomic  Imprinting:  A  Genetic  Arms  Race,  by  Shirley  M.  Tilghman  (Lewis  Thomas  Laboratory, 
Department  of  Molecular  Biology,  Princeton  University),  December  14,  1999 

Cancer  Biology:  From  Scientific  Revolution  to  Clinical  Breakthrough,  by  Richard  Klausner  (National 
Cancer  Institute,  Bethesda,  Maryland),  February  22,  2000 

The  Archaeology  of  Agricultural  Origins,  by  Frank  Hole  (C.  J.  MacCurdy  Professor  of  Anthropology, 
Department  of  Anthropology,  Yale  University),  March  21,  2000 

On  Coincidences,  by  Perci  Diaconis  (Department  of  Mathematics  and  Department  of  Statistics, 
Stanford  University),  April  18,  2000 

Genes,  Behavior,  and  the  Sense  of  Smell,  by  Cornelia  Isabella  Bargmann  (Department  of  Anatomy, 
University  of  California,  San  Francisco),  May  16,  2000 

*The  lecture  scheduled  for  January  25,  2000,  The  Invisible  Forest:  Phytoplankton  and  Global  Change,  by 

Sallie  W.  Chisholm  (Departments  of  Civil  and  Environmental  Engineering  and  Department  of  Biology, 
Massachusetts  Institute  of  Technology)  was  canceled  because  of  a  snowstorm.  She  gave  this  lecture  on 
November  28,  2000. 
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for  the  year  ended  June  30,  2000 


Financial  Profile 


Reader's  Note:  In  this  section,  any  discussion  of  spending  levels  or 
endowment  amounts  are  on  a  cash  or  cash-equivalent  basis.  Therefore, 
the  funding  amounts  presented  do  not  reflect  the  impact  of  capitalization, 
depreciation,  or  other  non-cash  items. 

The  primary  source  of  support  for  Carnegie 
Institution  of  Washington's  activities  continues  to 
be  its  endowment.  This  reliance  has  led  to  an 
important  degree  of  independence  in  the  research 
program  of  the  institution.  This  independence  is 
anticipated  to  continue  as  a  mainstay  of  Carnegie's 
approach  to  science  in  the  future. 

At  June  30,  2000,  the  endowment  was  valued  at 
approximately  $479.9  million  and  had  a  total  return 
(net  of  management  fees)  of  10.8%.  The  annualized 
five-year  return  for  the  endowment  was  14.0%. 

For  a  number  of  years,  Carnegie's  endowment  has 
been  allocated  among  a  broad  spectrum  of  asset 
classes.  This  includes  fixed-income  instruments 
(bonds),  equities  (stocks),  absolute  return  invest- 
ments, real  estate  partnerships,  private  equity,  an 
oil  and  gas  partnership  and  a  hedge  fund.  The  goal 
of  diversifying  the  endowment  into  alternative 
assets  is  to  reduce  the  volatility  inherent  in  an 
undiversified  portfolio  while  generating  attractive 
overall  performance. 

In  its  private  equity  allocation,  the  institution 
accepts  a  higher  level  of  risk  in  exchange  for  a 
higher  return.  By  entering  into  real  estate  partner- 
ships, the  institution  in  effect,  holds  part  of  its 
endowment  in  high-quality  commercial  real  estate, 
deriving  both  capital  appreciation  and  income  in 
the  form  of  rent  from  tenants.  Along  with  the  oil 
and  gas  partnership,  this  asset  class  provides  an 
effective  hedge  against  inflation.  Finally,  through 
its  investments  in  an  absolute  return  partnership 
and  a  hedge  fund,  the  institution  seeks  to  achieve 
long-term  returns  similar  to  those  of  traditional 
U.S.  equities  with  reduced  volatility  and  risk. 

The  finance  committee  of  the  board  regularly 
examines  the  asset  allocation  of  the  endowment 
and  readjusts  the  allocation,  as  appropriate.  The 
institution  relies  upon  external  managers  and  part- 
nerships to  conduct  the  investment  activities,  and  it 
employs  a  commercial  bank  to  maintain  custody. 


The  following  chart  shows  the  allocation  of  the 
institution's  endowment  among  the  asset  classes  it 
uses  as  of  June  30,  2000: 


Target 
Allocation 

Actual 
Allocation 

Common  Stock 

35% 

33.6% 

Alternative  Assets 

40% 

41.3% 

Fixed  Income 

25% 

23.7% 

Cash 

0% 

1.4% 

Actual  Asset  Allocation 


33.6%  Common  Stock 


23.7%  Fixed  Income 


Cash 


4 1 .3%  Alternative 
Assets 


Carnegie's  primary  purpose  is  to  maintain  the 
long-term  spending  power  of  its  endowment. 
To  achieve  this  objective,  it  employs  a  budgeting 
methodology  that  provides  for: 

•  averaging  the  total  market  value  of  the 
endowment  for  the  three  most  recent  fiscal 
years,  and 

•  developing  a  budget  that  spends  at  a  set 
percentage  (spending  rate)  of  this  three-year 
market  average. 

During  the  1990s,  this  budgeted  spending  rate 
has  been  declining  in  a  phased  reduction,  moving 
towards  an  informal  goal  of  a  spending  rate  of 

Carnegie  Funds  Spending  Over 
Seven  Years 


(Dollars  in  Millions) 
FY 


93-94 


94-95 


Carnegie  Funds  Spending 

Actual  Market  Value  at 
June  30 

Actual  Spending  as  %  of 
Market  Value 

Planned  Spending  Rate 
in  Budget 


$12.4  $    13.9 

$275.5  $304.5 


4.5 


4.57% 


5.81%  5.76% 


CARNEGIE  INSTITUTION 


YEAR  BOOK  pp~00    I    page  75 


4.5%.  For  the  1999-2000  fiscal  year,  the  rate  was 
budgeted  at  5.4%.  While  Carnegie  has  been 
reducing  this  budgeted  rate  by  between  5  and  10 
basis  points  a  year,  there  has  also  been  continuing, 
significant  growth  in  the  size  of  the  endowment. 
The  result  has  been  that,  for  the  1999-2000  fiscal 
year,  the  actual  spending  rate  (the  ratio  of  annual 
spending  from  the  endowment  to  actual  endow- 
ment value  at  the  conclusion  of  the  fiscal  year  in 
which  the  spending  took  place)  was  4.27%. 

The  table  below  compares  the  planned  versus  the 
actual  spending  rates,  as  well  as  the  market  value 
of  the  endowment  from  1993-1994  to  the  most 
recently  concluded  fiscal  year,  1999-2000: 

Budget  and  Actual  Spending  Rates 


Actual  Spending  Rate Budgeted  Spending  Rate 

Within  Carnegie's  endowment,  there  are  a  num- 
ber of  "Funds"  that  provide  support  either  in  a 
general  way  or  in  a  targeted  way,  with  a  specific, 
defined  purpose.  The  largest  of  these  is  the 
Andrew  Carnegie  Fund,  begun  with  the  original 
gift  of  $10  million.  Mr.  Carnegie  later  made 
additional  gifts  totaling  another  $12  million 
during  his  lifetime.  Together  these  gifts  are  now 
valued  at  over  $392  million. 


95-96 


96-97 


97-98 


98-99 


99-00 


$    15.1 

$    15.5 

$    16.4 

$   20.9 

$  20.0 

$338.0 

$382.9 

$423.3 

$45  1 .6 

$477.9 

4.48% 

4.05% 

3.87% 

4.63% 

4.2% 



5.71% 

5.66% 

5.61% 

5.50% 

5.40% 

UNAUDITED 


The  following  table  shows  the  amounts  in  the 
principal  funds  within  the  institution's  endowment 
as  of  June  30,  2000: 

Market  value  of  the  Principal  Funds 
Within  Carnegie's  Endowment 


Andrew  Carnegie 

Capital  Campaign 

Mellon  Matching 

Anonymous 

Astronomy  Funds 

Anonymous  Matching 

Wood 

Carnegie  Futures 

Golden 

Bowen 

Science  Education  Fund 

Colburn 

McClintock  Fund 

Special  Instrumentation 

Bush  Bequest 

Moseley  Astronomy 

Starr  Fellowship 

Special  Opportunities 

Roberts 

Lund  mark 

Morgenroth 

Hollaender 

Moseley 

Forbush 

Bush 

Green  Fellowship 

Harkavy 

Hale 


Total 


$392,679,193 

34,186,909 

10,058,131 

8,131,436 

7,867,780 

7,958,305 

5,282,974 

3,189,880 

3,314,338 

2,522,71  I 

1,984,936 

2,032,432 

1,591,963 

1,123,033 

1,015,556 

808,648 

769,723 

736,742 

427,814 

324,230 

248,327 

236,202 

145,127 

1 40,448 

I  15,708 

106,075 

96,804 

96,217 


$487, 1 9  1 ,642 
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Independent  Auditors'  Report 

To  the  Audit  Committee  of  the 
Carnegie  Institution  of  Washington: 

We  have  audited  the  accompanying  statements  of  financial  position  of  the  Carnegie  Institution  of  Washington 
(Carnegie)  as  of  June  30,  2000  and  1999,  and  the  related  statements  of  activities  and  cash  flows  for  the  years 
then  ended.  These  financial  statements  are  the  responsibility  of  Carnegie's  management.  Our  responsibility  is 
to  express  an  opinion  on  these  financial  statements  based  on  our  audits. 

We  conducted  our  audits  in  accordance  with  auditing  standards  generally  accepted  in  the  United  States  of 
America.  Those  standards  require  that  we  plan  and  perform  the  audit  to  obtain  reasonable  assurance  about 
whether  the  financial  statements  are  free  of  material  misstatement.  An  audit  includes  examining,  on  a  test 
basis,  evidence  supporting  the  amounts  and  disclosures  in  the  financial  statements.  An  audit  also  includes 
assessing  the  accounting  principles  used  and  significant  estimates  made  by  management,  as  well  as  evaluating 
the  overall  financial  statement  presentation.  We  believe  that  our  audits  provide  a  reasonable  basis  for  our 
opinion. 

In  our  opinion,  the  financial  statements  referred  to  above  present  fairly,  in  all  material  respects,  the  financial 
position  of  the  Carnegie  Institution  of  Washington  as  of  June  30,  2000  and  1999,  and  its  changes  in  net  assets 
and  its  cash  flows  for  the  years  then  ended,  in  conformity  with  accounting  principles  generally  accepted  in  the 
United  States  of  America. 

Our  audits  were  made  for  the  purpose  of  forming  an  opinion  on  the  basic  financial  statements  taken  as  a 
whole.  The  supplementary  information  included  in  Schedule  I  is  presented  for  purposes  of  additional  analysis 
and  is  not  a  required  part  of  the  basic  financial  statements.  Such  information  has  been  subjected  to  the  audit- 
ing procedures  applied  in  the  audits  of  the  basic  financial  statements  and,  in  our  opinion,  is  fairly  presented  in 
all  material  respects  in  relation  to  the  basic  financial  statements  taken  as  a  whole. 


K>»{ 


Washington,  D.C. 
October  24,  2000 
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Statements  of  Financial  Position 

June  30,  2000  and  1999 
Assets                                                                                                           2000 

1999 

Cash  and  cash  equivalents 
Accrued  investment  income 
Contributions  receivable  (note  2) 
Accounts  receivable  and  other  assets 
Bond  proceeds  held  by  trustee  (note  6) 
Investments  (note  3) 
Construction  in  progress  (notes  4  and  5) 
Property  and  equipment,  net  (note  4) 

$ 

1,401,268 

1 22,379 

2,300,9 1  3 

4,054, 1 97 

214,384 

487, 1 9 1 ,642 

67,419,680 

46,310,015 

247,697 

537,470 

2, 1  1 9,79 1 

4,096,520 

1,665,390 

462,045,604 

54,056,641 

45,333,399 

$ 

609,014,478 

570,102,512 

Liabilities  and  NTet  Assets 

Accounts  payable  and  accrued  expenses 

Deferred  revenue  (note  5) 

Bonds^  payable  (note  6) 

Accrued  postretirement  benefits  (note  7) 

$ 

3,163,826 
33,076,609 
34,880,190 
10,321,000 

2,896,622 
25,476,955 
34,843,325 

9,968,543 

Total  liabilities 

81,441,625 

73, 1 85,445 

Net  assets  (note  8): 
Unrestricted: 
Board  designated: 
Invested  in  fixed  assets,  net 
Designated  for  managed  investments 
Undesignated 

45,772,896 

424,925,680 

1 ,594,787 

39,069,760 

401,014,333 

5,190,932 

Temporarily  restricted 
Permanently  restricted 

472,293,363 

17,575,634 
37,703,856 

445,275,025 

14,002,694 
37,639,348 

Total  net  assets 

527,572,853 

496,9  1 7,067 

Commitments  and  contingencies  (notes  10,  II,  and  1 2) 
Total  liabilities  and  net  assets 

$ 

609,014,478 

570,102,512 

See  accompanying  notes  to  financial  statements. 
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Statements  of  Activities 

Years  ended  June  30,  2000  and  1 999 
2000 


999 


Temporarily     Permanently  Temporarily    Permanently 

Unrestricted        restricted  restricted  Total     Unrestricted      restricted          restricted  Total 


Revenues  and  support: 

Grants  and  contracts         $  1 5,945,496 

Contributions  and  gifts  503,000 
Net  gain  (loss)  on  disposals 

of  property  (30,736) 

Other  income  1 ,556,603 


3,429, 1  1 5 


15,945,496    12,013,129 
2,577   3,944,692      77,801   3,916,380 


,630,265 


(30,763) 
,556,603 


60,558 
,188,846 


2,0 1 3, 1 29 
5,624,446 

60,558 
1 ,  1 88,846 


Net  external  revenue 


7,974,336        3,429, 1  1 5 


2,577      21,416,028 


3,340,334       3,916,380       1,630,265      18,886,979 


Investment  income  (note  3)  45,028,935 
Net  assets  released  from 

restnctions  (note  8)  4,727,863 

Required  net  asset  transfers 

(note  9)  (2,557,58 1 


2,314,107     51,931   47,394,973   45,210,087   2,027,818    56,993  47,294,: 


(4,727,863) 
2,557,581 


6,113,931   (6,113,93 


Total  revenues,  gains,  and 
other  support 


65,173,553        3,572,940 


8,8 1  1 ,00 1 

64,664,352 

6,677,062 

6,576,909 

7,387,676 

6,687,508 

8,005,144 

6,868,289 

6,334,585 

5,567,359 

6,082,263 

4,840,61  1 

588,972 

1 ,005,455 

(169,733)      1,687,258     66,181,877 


Program  and  supporting  services  expenses: 

Terrestrial  Magnetism  6,677,062 

Observatories  7,387,676 

Geophysical  Laboratory  8,005, 1 44 

Embryology  6,334,585 

Plant  Biology  6,082,263 

Other  Programs  588,972 

Administrative  and 

general  expenses  3,079,5 1  3 


3,079,5 1  3 


3,40 1 ,699 


6,576,909 
6,687,508 
6,868,289 
5,567,359 
4,840,6 1  I 
1 ,005,455 

3,401,699 


Total  expenses 


38,155,215 


38,155,215        34,947,830 


34,947,830 


Increase  (decrease)  in 
net  assets 


27,018,338        3,572,940  64,508      30,655,786        29,716,522        (169,733)      1,687,258     31,234,047 


Net  assets  at  the  beginning 
of  the  year  445,275,025 


14,002,694      37,639,348    496,917,067      415,558,503      14,172,427    35,952,090  465,683,020 


Net  assets  at  the  end 

of  the  year 


$472,293,363      17,575,634      37,703,856    527,572,853      445,275,025      14,002,694    37,639,348  496,917,067 


See  accompanying  notes  to  financial  statements. 
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Statements  of  Cash 

Years  ended  June  30,  2000  and  1 999 

2000 

1999 

Cash  flows  from  operating  activities: 

Increase  in  net  assets 

$   30,655,786 

3  1 ,234,047 

Adjustments  to  reconcile  increase  in  net  assets  to 

net  cash  provided  by  operating  activities: 

Depreciation 

3,338,544 

2,902,842 

Net  gains  on  investments 

(36,146,464) 

(37,191,987) 

Loss  (gain)  on  disposal  of  property 

30,763 

(60,558) 

Amortization  of  bond  issuance  costs  and  discount 

36,865 

36,865 

Contribution  of  stock 

(1,042,453) 

(543,136) 

(Increase)  decrease  in  assets: 

Receivables 

(138,799) 

(1,229,01  1) 

Accrued  investment  income 

415,091 

127,967 

Increase  in  liabilities: 

Accounts  payable  and  accrued  expenses 

267,204 

487,292 

Deferred  revenues 

7,599,654 

13,368,909 

Accrued  postretirement  benefits 

352,457 

132,106 

Contributions  and  investment  income  restricted  for 

-     long-term  investment 
° 

(1,394,599) 

(4,350,629) 

Net  cash  provided  by  operating  activities 

3,974,049 

4,914,707 

Cash  flows  from  investing  activities: 

Draws  from  bond  proceeds  held  by  trustee 

1 ,45  1 ,006 

5,496,840 

Acquisition  of  property  and  equipment 

(4,378,089) 

(6,568,272) 

Construction  of  telescope,  facilities,  and  equipment 

(13,363,039) 

(13,414,144) 

Investments  purchased 

(400,648,495) 

(474,633,607) 

Proceeds  from  investments  sold  or  matured 

412,691,374 

479,954,201 

Proceeds  from  sale  of  property  and  equipment 

32,166 

— 

Net  cash  used  for  investing  activities 

(4,215,077) 

(9, 1  64,982) 

Cash  flows  from  financing  activities  -  proceeds  from  contributions 

and  investment  income  restricted  for: 

Investment  in  endowment 

98,266 

1,630,265 

Investment  in  property  and  equipment 

1,296,333 

2,720,364 

Net  cash  provided  by  financing  activities 

1,394,599 

4,350,629 

Net  increase  in  cash  and  cash  equivalents 

1,153,571 

100,354 

Cash  and  cash  equivalents  at  the  beginning  of  the  year 

247,697 

147,343 

Cash  and  cash  equivalents  at  the  end  of  the  year 

$    1,401,268 

247,697 

Supplementary  cash  flow  information 

Cash  paid  for  interest 

$    1,562,61  1 

1,488,410 

See  accompanying  notes  to  financial  statements. 
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Notes  to  Financial  Statements 


June  30,  2000  and  1999 

(I)  Organization  and  Summary  of  Significant 
Accounting  Policies 

Organization 

The  Carnegie  Institution  of  Washington  (Carnegie) 
conducts  advanced  research  and  training  in  the 
sciences.  It  carries  out  its  scientific  work  in  five 
research  centers  located  throughout  the  United 
States  and  at  an  observatory  in  Chile.  The  centers 
are  the  Departments  of  Embryology,  Plant  Biology, 
and  Terrestrial  Magnetism,  the  Geophysical 
Laboratory,  and  the  Observatories  (astronomy). 
Income  from  investments  represents  approximately 
69  percent  of  Carnegie's  total  revenues.  Carnegie's 
other  income  is  mainly  from  gifts  and  federal  grants 
and  contracts. 

Basis  of  Accounting  and  Presentation 

The  financial  statements  are  prepared  on  the  accrual 
basis  of  accounting.  Contributions  and  gifts  rev- 
enues are  classified  according  to  the  existence  or 
absence  of  donor-imposed  restrictions.  Also,  satis- 
faction of  donor-imposed  restrictions  are  reported  as 
releases  of  restrictions  in  the  statements  of  activities. 

Investments  and  Cash  Equivalents 

Carnegie's  debt  and  equity  investments  are  reported 
at  their  fair  values.  Carnegie  also  reports  invest- 
ments in  partnerships  at  fair  value  as  determined 
and  reported  by  the  general  partners.  All  changes  in 
fair  value  are  recognized  in  the  statements  of  activi- 
ties. Carnegie  considers  all  highly  liquid  debt  instru- 
ments purchased  with  remaining  maturities  of 
90  days  or  less  to  be  cash  equivalents.  Money  mar- 
ket and  other  highly  liquid  instruments  held  by 
investment  managers  are  reported  as  investments. 

Income  Taxes 

Carnegie  is  exempt  from  federal  income  tax  under 
Section  501(c)(3)  of  the  Internal  Revenue  Code 
(the  Code).  Accordingly,  no  provision  for  income 
taxes  is  reflected  in  the  accompanying  financial 


statements.  Carnegie  is  also  an  educational  institu- 
tion within  the  meaning  of  Section  170(b)(l)(A)(ii) 
of  the  Code.  The  Internal  Revenue  Service  has  clas- 
sified Carnegie  as  other  than  a  private  foundation, 
as  defined  in  Section  509(a)  of  the  Code. 

Fair  Value  of  Financial  Instruments 

Financial  instruments  of  Carnegie  include  cash 
equivalents,  receivables,  investments,  bond  proceeds 
held  by  trustee,  accounts  and  broker  payables,  and 
bonds  payable.  The  fair  value  of  investments  in  debt 
and  equity  securities  is  based  on  quoted  market 
prices.  The  fair  value  of  investments  in  limited 
partnerships  is  based  on  information  provided  by 
the  general  partners. 

The  fair  value  of  Series  A  bonds  payable  is  based  on 
quoted  market  prices.  The  fair  value  of  Series  B 
bonds  payable  is  estimated  to  be  the  carrying  value, 
since  these  bonds  bear  adjustable  market  rates. 

The  fair  values  of  cash  equivalents,  receivables,  bond 
proceeds  held  by  trustee,  and  accounts  and  broker 
payables  approximate  their  carrying  values  based  on 
their  short  maturities. 

Use  of  Estimates 

The  preparation  of  financial  statements  in  confor- 
mity with  accounting  principles  generally  accepted 
in  the  United  States  of  America  requires  manage- 
ment to  make  estimates  and  assumptions  that  affect 
the  reported  amounts  of  assets  and  liabilities  and 
disclosure  of  contingent  assets  and  liabilities  at  the 
date  of  the  financial  statements.  They  also  affect  the 
reported  amounts  of  revenues  and  expenses  during 
the  reporting  period.  Actual  results  could  differ 
from  those  estimates. 

Property  and  Equipment 

Carnegie  capitalizes  at  cost  expenditures  for  land, 
buildings  and  leasehold  improvements,  telescopes, 
scientific  and  administrative  equipment,  and  pro- 
jects in  progress.  Routine  replacement,  mainte- 
nance, and  repairs  are  charged  to  expense. 
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Depreciation  is  computed  on  a  straight-line  basis 
over  the  following  estimated  useful  lives: 


Buildings  and  telescopes 
Leasehold  improvements 


Scientific  and 
administrative  equipment 

Contributions 


50  years 

lesser  of  25  years  or 

the  remaining  term 

of  the  lease 

2-10  years,  based  on 

scientific  life  of 

equipment 


Contributions  are  classified  based  on  the  existence 
or  absence  of  donor-imposed  restrictions. 
Contributions  and  net  assets  are  classified  as  follows: 

Unrestricted  -  includes  all  contributions 
received  without  donor-imposed  restrictions  on 
use  or  time. 

Temporarily  restricted  -  includes  contributions 
with  donor-imposed  restrictions  as  to  purpose  of 
gift  or  time  period  expended. 

Permanently  restricted  -  generally  includes 
endowment  gifts  in  which  donors  stipulated  that 
the  corpus  be  invested  in  perpetuity.  Only  the 
investment  income  generated  from  endowments 
may  be  spent.  Certain  endowments  require  that  a 
portion  of  the  investment  income  be  reinvested 
in  perpetuity. 

Gifts  of  long-lived  assets,  such  as  buildings  or 
equipment,  are  considered  unrestricted  when  placed 
in  service.  Cash  gifts  restricted  for  investment  in 
long-lived  assets  are  released  from  restriction  when 
the  asset  is  acquired  or  as  costs  are  incurred  for  asset 
construction. 

Grants 

Carnegie  records  revenues  on  grants  from  federal 
agencies  only  to  the  extent  that  reimbursable 
expenses  are  incurred.  Accordingly,  funds  received 
in  excess  of  reimbursable  expenses  are  recorded  as 
deferred  revenue,  and  expenses  in  excess  of  reim- 
bursements are  recorded  as  accounts  receivable. 
Reimbursement  of  indirect  costs  is  based  upon  pro- 
visional rates,  which  are  subject  to  subsequent  audit 


by  Carnegie's  federal  cognizant  agency,  the 
National  Science  Foundation. 

Allocation  of  Costs 

The  costs  of  providing  programs  and  supporting 
services  have  been  summarized  in  the  statements  of 
activities.  Accordingly,  certain  costs  have  been  allo- 
cated among  the  programs  and  supporting  services 
benefited. 

(2)  Contributions  Receivable 

Contributions  receivable  representing  unconditional 
promises  expected  to  be  collected  are  summarized  as 
follows  at  June  30,  2000  and  1999: 


Years  ending  June  30, 


2000 


1999 


2001 

$1,081,084 

825,100 

2002 

866,506 

665,000 

2003 

322,619 

400,000 

2004 

10,000 

14,938 

2005 

10,000 

10,000 

2006  and  later 

142,518 

204,753 

2,432,727 

2,1  19,791 

Less  discount  to 

present  vali 

je    (131,814) 

— 

$2,300,913     2,119,791 

Pledges  receivable  as  of  June  30,  2000,  were  dis- 
counted using  the  10-year  U.S.  Treasury  rate,  which 
was  6.08  percent. 

(3)   Investments 

At  June  30,  2000  and  1999,  investments  at  fair  value 
consisted  of  the  following: 


2000 


1999 


Time  deposits  and  money 

market  funds  $    15,508,894  129,474,938 

Debt  mutual  funds  2,762,469  4,707,63 1 

Debt  securities  I  1 3,3 1 8,084  8,385, 1 2 1 

Equity  securities  1 58,985,492  1 49,946, 1 98 

Real  estate  partnerships  55,524,337  53,058,884 

Limited  partnerships  1 4 1 ,092,366  I  I  6,472,832 


$487,191,642  462,045,604 
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Investment  income  for  the  years  ended  June  30, 
2000  and  1999,  consisted  of  the  following: 


2000 


1999 


Interest  and  dividends  $  1 2,442,82 1  I  1 ,484,577 

Net  realized  gains  41,174,031  24,124,433 

Net  unrealized  (losses)  gains  (5,027,567)  I  3,067,554 
Less  -  investment 

management  expenses         (1,1 94,3 12)  ( 1 ,38 1 ,666) 


$47,394,973   47,294,898 

As  of  June  30,  2000,  the  fair  value  for  approximately 
$179  million  of  Carnegie's  $197  million  of  real 
estate  and  limited  partnership  investments  has  been 
estimated  by  the  general  partners  in  the  absence  of 
readily  ascertainable  market  values.  However,  these 
estimated  fair  values  may  differ  from  the  values  that 
would  have  been  used  had  a  ready  market  existed. 

(4)   Property  and  Equipment 

At  June  30,  2000  and  1999,  property  and  equipment 
placed  in  service  consisted  of  the  following: 


2000 


1999 


Buildings  and 

improvements 

$44,314,395 

43,569,957 

Scientific  equipment 

19,028,773 

17,379,687 

Telescopes 

7,910,825 

7,910,825 

Administrative  equipment 

2,532,683 

2,507,290 

Land 

787,896 

787,896 

Art 

34,067 

34,067 

74,608,639 

72,189,722 

Less  accumulated 

depreciation 

(28,298,624)  (26,856,323) 

$46,310,015   45,333,399 

At  June  30,  2000  and  1999,  construction  in  progress 
consisted  of  the  following: 


2000 


1999 


Telescope 

Buildings 

Scientific  equipment 


$62,237,190    50,731,430 

352,271         802,523 

4,830,219      2,522, 


$67,419,680   54,056,641 


At  June  30,  2000  and  1999,  approximately  $71  mil- 
lion and  $59  million,  respectively,  of  construction 
in  progress  and  other  property,  net  of  accumulated 
depreciation,  was  located  in  Las  Campanas,  Chile. 
During  2000  and  1999,  Carnegie  capitalized  inter- 
est costs  (net  of  interest  earned  of  $49,000  and 
$245,000,  respectively)  of  approximately  $1,514,000 
and  $1,229,000,  respectively,  as  construction 
in  progress. 

(5)   Magellan  Consortium 

During  the  year  ended  June  30,  1998,  Carnegie 
entered  into  an  agreement  (Magellan  Agreement) 
with  four  universities  establishing  a  consortium  to 
build  and  operate  the  Magellan  telescopes.  The  two 
Magellan  telescopes  are  currently  under  construc- 
tion on  Manqui  Peak,  Las  Campanas  in  Chile.  The 
total  construction  costs  of  the  two  telescopes  is 
expected  to  be  approximately  $72  million  and  the 
telescopes  will  be  recorded  as  assets  by  Carnegie. 
Title  to  the  Magellan  facilities  is  held  by  Carnegie. 
As  of  June  30,  2000,  construction  in  progress  of 
$62,237,190  related  to  the  Magellan  project. 

The  university  members  of  the  consortium,  by  con- 
tribution to  the  construction  and  operating  costs  of 
Magellan,  acquire  rights  of  access  and  oversight  as 
described  in  the  Magellan  Agreement.  Total  contri- 
butions by  the  university  members  for  construction 
are  expected  to  be  $36  million,  50  percent  of  the 
total  expected  costs  and  these  monies  are  being 
used  by  Carnegie  to  finance  part  of  the  Magellan 
Telescopes'  construction  costs.  As  of  June  30,  2000 
and  1999,  the  university  members  had  contributed 
$32,717,849  and  $24,910,264,  respectively,  which  is 
included  in  deferred  revenue  in  the  accompanying 
statements  of  financial  position.  The  deferred 
revenue  will  be  recognized  ratably  as  income  over 
the  estimated  useful  lives  of  the  telescopes. 
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(6)   Bonds  Payable 

On  November  1,  1993,  Carnegie  issued  $17.5 
million  each  of  secured  Series  A  and  Series  B 
California  Educational  Facilities  Authority  Revenue 
tax-exempt  bonds.  Bond  proceeds  are  used  to 
finance  the  Magellan  telescope  project  and  the 
renovation  of  the  facilities  of  the  Observatories  at 
Pasadena.  The  balances  outstanding  at  June  30, 
2000  and  1999,  on  the  Series  A  issue  totaled 
$17,425,757  and  $17,402,913,  respectively,  and 
on  the  Series  B  issue  totaled  $17,454,433  and 
$17,440,412,  respectively.  The  balances  outstanding 
are  net  of  unamortized  bond  issue  costs  and  bond 
discount.  Bond  proceeds  held  by  the  trustee  and 
unexpended  at  June  30,  2000  and  1999,  totaled 
$214,384  and  $1,665,390,  respectively. 

Series  A  bonds  bear  interest  at  5.6  percent  payable 
in  arrears  semiannually  on  each  April  1  and 
October  1  and  upon  maturity  on  October  1,  2023. 
Series  B  bonds  bear  interest  at  variable  money  mar- 
ket rates  (ranging  from  3.4  percent  to  4.1  percent  at 
June  30,  2000)  in  effect  from  time  to  time,  up  to  a 
maximum  of  12  percent  over  the  applicable  money 
market  rate  period  of  between  one  and  270  days  and 
have  a  stated  maturity  of  October  1,  2023.  At  the 
end  of  each  money  market  rate  period,  Series  B 
bondholders  are  required  to  offer  the  bonds  for 
repurchase  at  the  applicable  money  market  rate. 
If  repurchased,  the  Series  B  bonds  would  be  resold 
at  the  current  applicable  money  market  rate  and  for 
a  new  rate  period. 

Carnegie  is  not  required  to  repay  the  Series  A  and  B 
bonds  until  the  October  1,  2023,  maturity  date,  and 
Carnegie  has  the  intent  and  the  ability  to  effect  the 
purchase  and  resale  of  the  Series  B  bonds  through  a 
tender  agent;  therefore  all  bonds  payable  are  classi- 
fied as  long  term.  Sinking  fund  redemptions  begin 
in  2019  in  installments  for  both  series.  The  fair 
value  of  Series  A  bonds  payable  at  June  30,  2000 
and  1999,  based  on  quoted  market  prices  is  esti- 
mated at  $17,414,000  and  $18,043,000,  respec- 
tively. The  fair  value  of  Series  B  bonds  payable  at 
June  30,  2000  and  1999,  is  estimated  to  approxi- 
mate carrying  value  as  the  mandatory  tender  dates 
on  which  the  bonds  are  repriced  are  generally  within 
three  months  of  year  end. 


(7)   Employee  Benefit  Plans 

Retirement  Plan 

Carnegie  has  a  noncontributory,  defined  contribu- 
tion, money-purchase  retirement  plan  in  which  all 
United  States  personnel  are  eligible  to  participate. 
After  one  year's  participation,  an  individual's  bene- 
fits are  fully  vested.  The  Plan  has  been  funded 
through  individually  owned  annuities  issued  by 
Teachers'  Insurance  and  Annuity  Association 
(TIAA)  and  College  Retirement  Equities  Fund 
(CREF).  Total  contributions  made  by  Carnegie 
totaled  approximately  $2,195,000  and  $2,133,000 
for  the  years  ended  June  30,  2000  and  1999, 
respectively. 

Postretirement  Benefits  Plan 

Carnegie  provides  postretirement  medical  benefits 
to  all  employees  who  retire  after  age  55  and  have  at 
least  ten  years  of  service.  Cash  payments  made  by 
Carnegie  for  these  benefits  totaled  approximately 
$382,000  and  $318,000  for  the  years  ended  June  30, 
2000  and  1999,  respectively. 

The  expense  for  postretirement  benefits  for  the 
years  ended  June  30,  2000  and  1999,  consists  of 
the  following: 


2000 


1999 


Service  cost  -  benefits  earned 

during  the  year 

$250,000 

283,000 

Interest  cost  on  projected 

benefit  obligation 

574,000 

531,000 

Amortization  of  gain 

(89,000) 

(45,000) 

Accrued  postretirement 

benefit  cost 

$735,000 

769,000 

The  2000  postretirement  benefits  expense  was 
approximately  $353,000  more  than  the  cash  expense 
of  $382,000,  and  the  1999  postretirement  benefits 
expense  was  approximately  $451,000  more  than 
the  cash  expense  of  $318,000.  The  postretirement 
benefits  expense  was  allocated  among  program  and 
supporting  services  expenses  in  the  statements  of 
activities. 
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The  reconciliation  of  the  Plan's  funded  status  to 
amounts  recognized  in  the  financial  statements  at 
June  30,  2000  and  1999  follows: 


2000 


1999 


Change  in  benefit  obligation: 
Benefit  obligation  at 

beginning  of  year  $ 

Service  cost 
Interest  cost 
Actuarial  gain 
Benefits  paid 


7,848,000  8,041,000 

250,000  283,000 

574,000  531,000 

(1,684,000)  (689,000) 

(382,000)  (3  1 8,000) 


Benefit  obligation  at 
end  of  year 


6,606,000     7,848,000 


Change  in  plan  assets: 
Fair  value  of  plan  assets 

at  beginning  of  year 
Actual  return  on  plan  assets 
Contribution  to  plan  382,000 

Benefits  paid  (382,000) 


3 1 8,000 
(3  1 8,000) 


Fair  value  of  plan 
end  of  year 

assets  at 

—                 — 

Funded  status 

(6,606,000)   (7,848,000) 

Unrecognized  net 
actuarial  gain 

(3,715,000)  (2,120,000) 

Accrued  benefit  cost        $(  1 0,32 1 ,000)   (9,968,000) 

The  present  value  of  the  benefit  obligation  as  of 
June  30,  2000,  was  determined  using  an  assumed 
health  care  cost  trend  rate  of  8.7  percent  and  an 
assumed  discount  rate  of  8.0  percent.  The  present 
value  of  the  benefit  obligation  as  of  June  30,  1999, 
was  determined  using  an  assumed  health  care  cost 
trend  rate  of  9.0  percent  and  an  assumed  discount 
rate  of  7.5  percent.  Carnegie's  policy  is  to  fund 
postretirement  benefits  as  claims  and  administrative 
fees  are  paid. 

For  measurement  purposes,  a  8.7  percent  annual 
rate  of  increase  in  the  per  capita  cost  of  covered 
health  care  benefits  was  assumed  for  2000;  the  rate 
was  assumed  to  decrease  gradually  to  5.5  percent  in 
11  years  and  remain  at  that  level  thereafter.  The 
health  care  cost  trend  rate  assumption  has  a  signifi- 


cant effect  on  the  amounts  reported.  A  one-percent- 
age change  in  assumed  annual  health  care  cost  trend 
rate  would  have  the  following  effects: 

One-percentage  One-percentage 
point  increase      point  decrease 


Effect  on  total  of 
service  and  interest 
cost  components 


$159,000 


(125,000) 


Effect  on 
postretirement 
benefit  obligation 

[8)  Net  Assets 


941,000 


(767,000) 


At  June  30,  2000  and  1999,  temporarily  restricted 
net  assets  were  available  to  support  the  following 
donor-restricted  purposes: 


2000 


1999 


Specific  research 

programs 
Equipment  acquisition 

and  construction 


$1  1,845,001     10,479,226 


5,730,633      3,523,468 


$17,575,634    14,002,694 

At  June  30,  2000  and  1999,  permanently  restricted 
net  assets  consisted  of  permanent  endowments,  the 
income  from  which  is  available  to  support  the  fol- 
lowing donor-restricted  purposes: 


2000 


1999 


Specific  research 

programs 
Equipment  acquisition 

and  construction 
General  support 

(Carnegie  endowment)       22,000,000    22,000,000 


$14,499,137    14,434,629 
1,204,719       1,204,719 


$37,703,856   37,639,348 
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During  2000  and  1999,  Carnegie  met 
donor-imposed  requirements  on  certain  gifts  and, 
therefore,  released  temporarily  restricted  net  assets 
as  follows: 


2000 


1999 


Specific  research  programs     $2,608,27 1      2,022,748 
Equipment  acquisition  and 
construction  2,119,592      4,091,183 

$4,727,863     6,113,931 

(9)  Required  Net  Asset  Transfers 

During  2000,  it  was  discovered  that  certain  tem- 
porarily restricted  net  assets  were  released  when 
amounts  were  spent  on  purposes  other  than  those 
for  which  they  were  restricted.  An  amount  of 
$2,557,581  was  reclassified  to  temporarily  restricted 
net  assets  to  be  used  for  equipment  acquisition 
and  construction. 

(10)  Federal  Grants  and  Contracts 

Costs  charged  to  the  federal  government  under 
cost-reimbursement  grants  and  contracts  are  subject 
to  government  audit.  Therefore,  all  such  costs  are 
subject  to  adjustment.  Management  believes  that 
adjustments,  if  any,  would  not  have  a  significant 
effect  on  the  financial  statements. 

(IS)  Commitments 

In  1997,  Carnegie  entered  into  a  contract  with  the 
University  of  Arizona  for  the  construction  of  the 
primary  mirror  and  support  system  for  the  second 
telescope  in  the  Magellan  project.  The  amount  of 
the  contract  is  approximately  $9,700,000  of  which 
approximately  $2,496,000  had  not  been  incurred  at 
June  30,  2000.  Carnegie  had  previously  entered  into 
an  agreement  with  the  University  of  Arizona  for  the 
primary  mirror  and  support  system  for  the  first  tele- 
scope and  had  outstanding  commitments  of  approx- 
imately $302,000  at  June  30,  2000.  Carnegie  also 
has  other  contracts  relating  to  the  construction  of 
Magellan  with  outstanding  commitments  totaling 
approximately  $579,000. 


Carnegie  has  outstanding  commitments  to  invest 
approximately  $54  million  in  limited  partnerships. 

( 1 2)   Lease  Arrangements 

Carnegie  leases  a  portion  of  the  land  it  owns  in  Las 
Campanas,  Chile  to  other  organizations.  These 
organizations  have  built  and  operate  telescopes  on 
the  land.  Most  of  the  lease  arrangements  are  not 
specific  and  some  are  at  no-cost  to  the  other  organi- 
zations. One  of  the  lease  arrangements  is  noncance- 
lable  and  has  annual  future  rents  of  $120,000 
through  fiscal  year  2001.  For  the  no-cost  leases, 
the  value  of  the  leases  could  not  be  determined 
and  is  not  considered  significant,  and,  accordingly, 
contributions  have  not  been  recorded  in  the  finan- 
cial statements. 

Carnegie  also  leases  a  portion  of  one  of  its  laborato- 
ries to  another  organization  for  an  indefinite  term. 
Rents  to  be  received  under  the  agreement  are 
approximately  $375,000  annually,  adjusted  for 
CPI  increases. 

Carnegie  leases  land  and  buildings.  The  monetary 
terms  of  the  leases  are  considerably  below  fair  value, 
however,  these  terms  were  developed  considering 
other  non-monetary  transactions  between  Carnegie 
and  the  lessors.  The  substance  of  the  transactions 
indicates  arms-length  terms  between  Carnegie  and 
the  lessors.  The  monetary  value  of  the  leases  could 
not  be  determined,  and  has  not  been  recorded  in  the 
financial  statements. 
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Schedules  of  Expenses 

Schedule  1 

Years  ended  June  30,  1 999  and 


2000 


1999 


Carnegie 
funds 

Federal  and 
private 
grants 

Total 
expenses 

Carnegie 
funds 

Federal  and 
private 
grants 

Total 
expenses 

Personnel  costs: 

Salaries 

$1  1,980,869 

4,079,575 

1 6,060,444 

1  1,268,614 

3,171,189 

14,439,803 

Fringe  benefits  and  payroll  taxes 

3,853,256 

1,097,345 

4,950,601 

3,975,980 

869,052 

4,845,032 

Total  personnel  costs 

15,834,125 

5,176,920 

21,01  1,045 

15,244,594 

4,040,24 1 

19,284,835 

Fellowship  grants  and  awards 

1 ,500,720 

586,825 

2,087,545 

1,319,122 

983,363 

2,302,485 

Depreciation 

3,338,544 

— 

3,338,544 

2,902,842 

— 

2,902,842 

General  expenses: 

Educational  and  research  supplies 

1,543,865 

1,635,104 

3,178,969 

988,536 

1,365,473 

2,354,009 

Building  maintenance  and  operation 

2,256,008 

455,076 

2,71  1,084 

2,315,995 

57,701 

2,373,696 

Travel  and  meetings 

853,789 

462,310 

1,316,099 

690,237 

530,656 

1,220,893 

Publications 

46,442 

71,725 

1  18,167 

33,249 

57,932 

91,181 

Shop 

77,324 

29,374 

106,698 

57,705 

— 

57,705 

Telephone 

195,489 

10,915 

206,404 

199,023 

10,438 

209,46 1 

Books  and  subscriptions 

270,265 

— 

270,265 

264,49 1 

7,430 

271,921 

Administrative  and  general 

1 70,443 

790,186 

960,629 

683,797 

163,1  10 

846,907 

Printing  and  copying 

97,680 

— 

97,680 

148,385 

8,465 

156,850 

Shipping  and  postage 

1 82,407 

40,596 

223,003 

1  34,230 

36,591 

170,821 

Insurance,  taxes  and  professional  fees 

965,820 

1  13,738 

1,079,558 

740,853 

1  64,278 

905,131 

Equipment 

— 

2,768,276 

2,768,276 

— 

1,432,203 

1,432,203 

Fund-raising  expense 

383,255 

— 

383,255 

366,890 

— 

366,890 

Total  general  expenses 

7,042,787 

6,377,300 

1  3,420,087 

6,623,391 

3,834,277 

10,457,668 

Total  direct  costs 

27,716,176 

1  2, 1 4 1 ,045 

39,857,221 

26,089,949 

8,857,881 

34,947,830 

Indirect  costs  -  grants 

(3,804,451) 

3,804,45  1 

— 

(3,155,248) 

3,155,248 

— 

Total  costs 

23,91  1,725 

15,945,496 

39,857,221 

22,934,701 

12,013,129 

34,947,830 

Capitalized  scientific 
equipment  funded  by 
Federal  and  private  grants 


( 1 ,702,006)     ( 1 ,702,006) 


Total  expenses 


$23,911,725     14,243,490     38,155,215     22,934,701 


12,013,129    34,947,830 
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A  GIFT  FOR  THE  FUTURE  OF  THE 


CARNE 


OF  WASHINGTON 


One  of  the  most  effective  ways  of  supporting  the  work  of  the  Carnegie 
Institution  of  Washington  is  to  include  the  institution  in  your  estate 
plans.  By  making  a  bequest,  you  can  support  the  institution  well  into 
the  future. 

A  bequest  is  both  a  tangible  demonstration  of  your  dedication  to  the 
Carnegie  Institution  and  a  way  to  generate  significant  tax  savings  for 
your  estate.  Some  bequests  to  Carnegie  have  been  directed  to  fellow- 
ships, chairs,  and  departmental  research  projects;  some  have  been  addi- 
tions to  the  endowment;  other  bequests  have  been  unrestricted. 

The  following  sample  language  can  be  used  in  making  a  bequest  to  the 
Carnegie  Institution: 


"I  give  and  bequeath  the  sum  of 


(or  %  of  my  residuary  estate) 


to  the  Carnegie  Institution  of  Washington,  1530  P  Street,  N.W., 
Washington,  DC  20005-1910." 

For  additional  information,  please  see  the  Carnegie  website  at 
www.CarnegieInstitution.org/externalaffairs.html  or  call  Linda 
Feinberg  in  the  Office  of  External  Affairs,  202.939.1141,  or  write: 


CARNEGII 


Linda  Feinberg 
Office  of  External  Affi 

1530  P  Street,  N.W. 
Washington,  DC  20005-1910 


